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ABSTRACT
We report on high spatial resolution observations, using the Australia Telescope Compact Array
(ATCA), of ground-state OH masers. These observations were carried out toward 196 pointing centres
previously identified in the Southern Parkes Large-Area Survey in Hydroxyl (SPLASH) pilot region,
between Galactic longitudes of 334◦ and 344◦ and Galactic latitudes of −2◦ and +2◦. Supplementing
our data with data from the MAGMO (Mapping the Galactic Magnetic field through OH masers)
survey, we find maser emission towards 175 of the 196 target fields. We conclude that about half of
the 21 non-detections were due to intrinsic variability. Due to the superior sensitivity of the follow-up
ATCA observations, and the ability to resolve nearby sources into separate sites, we have identified
215 OH maser sites towards the 175 fields with detections. Among these 215 OH maser sites, 111 are
new detections. After comparing the positions of these 215 maser sites to the literature, we identify
122 (57 per cent) sites associated with evolved stars (one of which is a planetary nebula), 64 (30 per
cent) with star formation, two sites with supernova remnants and 27 (13 per cent) of unknown origin.
The infrared colors of evolved star sites with symmetric maser profiles tend to be redder than those
of evolved star sites with asymmetric maser profiles, which may indicate that symmetric sources are
generally at an earlier evolutionary stage.
Subject headings: catalogs – ISM: molecules – masers – stars: AGB and post-AGB – stars: formation
– radio lines: ISM
1. INTRODUCTION
Ground-state (2Π3/2, J = 3/2) hydroxyl (OH) masers
were first discovered towards several Galactic HII re-
gions (e.g. W3(OH)) by Weaver et al. (1965) and
Gundermann (1965). Since their discovery, extensive
work on ground-state OH masers has shown that they
are commonly associated with regions of high-mass star
formation (HMSF) (Argon et al. 2000; Edris et al. 2007)
and these masers are predominantly strong in main-line
transitions (F = 1→ 1, F = 2→ 2) (i.e. 1665MHz and
1667MHz; Reid & Moran 1981). Qiao et al. (2014) com-
piled a catalog of∼375 ground-state OH maser sites asso-
ciated with HMSF from the literature, representing an up
to date compilation of this category of sources. Ground-
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state OH masers are also detected towards circumstel-
lar envelopes of evolved giant and supergaint stars, such
as Miras and OH/IR stars (Nguyen-Q-Rieu et al. 1979;
Sevenster et al. 1997a, 1997b, 2001a), and are typically
dominated by emission from the 1612 MHz satellite line
(i.e. F = 1 → 2, 1612MHz; Reid & Moran 1981). The
maser emission in the 1720MHz satellite-line transition
(F = 2 → 1), is usually associated with supernova rem-
nants (SNRs) (Goss & Robinson 1968) and traces the in-
teraction between SNRs and surrounding dense molec-
ular clouds. Ground-state OH masers are also found
associated with planetary nebulae (PN; Uscanga et al.
2012), comets (Ge´rard et al. 1998) and the centres of ac-
tive galaxies (Baan et al. 1982).
Previous work on ground-state OH masers has tar-
geted regions likely to have maser emission, such as In-
frared Astronomical Satellite (IRAS) point sources with
infrared (IR) colors indicative of high-mass young stel-
lar objects (YSOs) (Edris et al. 2007), circumstellar en-
velopes of evolved stars with H2O and/or SiO masers
(Lewis et al. 1995) and SNRs (Frail et al. 1996). About
30 years ago, a single-dish blind survey of OH main-
line transitions was carried out toward a thin strip
of the southern Galactic plane between Galactic lon-
gitudes 233◦ through the Galactic Center to 60◦ and
Galactic latitudes within ±0.5◦ (Caswell et al. 1980;
Caswell & Haynes 1983a; Caswell & Haynes 1983b;
Caswell & Haynes 1987). Caswell (1998) also carried
out a systematic survey close to the Galactic plane with
the Australia Telescope Compact Array (ATCA) in the
main-line transitions. However, these observations have
favoured HMSF regions because only main-line transi-
tions were observed. Sevenster et al. (1997a, 1997b and
2001a) used the ATCA and Very Large Array (VLA) to
survey the 1612MHz OH line towards a large portion of
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the Galactic Plane, between Galactic longitudes of 315◦
and 45◦ and Galactic latitudes of −3◦ and +3◦. The
survey of Sevenster et al. observed only the 1612MHz
OH line and was thus heavily favoured towards detect-
ing evolved star OH masers. Therefore, these previous
surveys suffer from biases (e.g. towards HMSF regions or
evolved star sites) and thus the full population of each
type of astrophysical object mentioned above may not
be comprehensively studied. Although it is clear that
ground-state OH masers are detected towards different
types of astrophysical objects (HMSF regions, the en-
velopes of evolved stars, SNRs), the proportion of masers
associated with each kind of object remains unknown.
Studying the proportion will yield a better understand-
ing of the ground-state OH maser populations and char-
acteristics of their associated astrophysical objects.
In order to reduce biases caused by targeted surveys
or surveys only observing specific ground-state OH tran-
sitions, the Southern Parkes Large-Area Survey in Hy-
droxyl (SPLASH) was carried out with simultaneous ob-
servations of all four ground-state transitions. SPLASH
surveyed 176 square degrees of the southern Galactic
plane and Galactic Centre (Dawson et al. 2014), i.e. be-
tween Galactic longitudes of 332◦ and 10◦ and Galactic
latitudes of −2◦ and +2◦ (152 square degrees), plus an
extra region around the Galactic Centre, where coverage
was extended up to Galactic latitudes +6◦ for Galactic
longitudes 358◦ to 4◦ (24 square degrees). Unsurpris-
ingly, the survey has detected about 600 sites exhibit-
ing OH maser emission. The observations were con-
ducted with the Australia Telescope National Facility
(ATNF) Parkes 64-m telescope and achieved a mean rms
(root-mean-square) point-source sensitivity of ∼65 mJy
in each 0.18 km s−1 channel in maser-optimised cubes,
but were limited by the spatial resolution (about 13′).
This spatial resolution is insufficient to reliably identify
the astrophysical objects associated with the maser emis-
sion. Therefore, higher spatial resolution observations
are needed, which is the motivation for this work.
The majority of OH masers detected in SPLASH are
in the 1612MHz satellite-line transition and show a
double-horned spectral profile. These masers are evolved
star OH masers, which also occasionally exhibit detec-
tions in the 1665 and/or 1667MHz main-line transi-
tions. Star formation OH masers usually have many
spectral features in the main-line transitions. Each
spectral feature corresponds to one maser spot on the
sky, which is usually considered to arise in a single,
well-defined position (Walsh et al. 2014). Star forma-
tion OH masers preferentially trace a later stage of the
HMSF process, compared to methanol masers and wa-
ter masers (e.g. Caswell & Haynes 1987; Caswell 1998;
Breen et al. 2010a). As mentioned above, OH masers in
the 1720MHz transition are quite rare and are commonly
associated with shocked gas, which can be detected in
SNRs (Goss & Robinson 1968), HMSF regions (Caswell
2004; Edris et al. 2007), occasionally asymptotic giant
branch (AGB) stars (Sevenster & Chapman 2001b) and
PNe (Qiao et al. 2016).
This paper presents accurate positions of ground-state
OH masers, which are obtained from ATCA observa-
tions, in the pilot region of SPLASH between Galactic
longitudes of 334◦ and 344◦ and Galactic latitudes of
−2◦ and +2◦.
2. OBSERVATIONS AND DATA REDUCTION
Observations were conducted with the ATCA from
2013 October 24 to 2013 October 29 and 2015 Jan-
uary 27, using the 6A configuration. At the frequency
of the ground-state OH masers, the 6A array results in
a synthesised beam between 4.07′′ × 7.41′′ and 5.50′′ ×
12.53′′. Observational pointing centres were determined
based on the Parkes OH maser detections introduced
in Dawson et al. (2014). For masers within one field
of view, we chose the pointing centre between them;
if the masers were previously observed by the Map-
ping the Galactic Magnetic field through OH masers
(MAGMO; Green et al. 2012) project, we obtained their
accurate positions directly from the MAGMO project
(Green, J. private communication). We do not include
the MAGMO data in the results presented here and only
use them to study the detection statistics. Each region
was typically observed with five 6 min snapshot observa-
tions for a total on-source integration time of 30 min.
Primary flux calibration was performed with the stan-
dard flux density calibrator PKS B1934−638 and band-
pass calibration with PKS B0823−500. Phase calibrators
were chosen to be within 7◦ of each target and the phase
calibrators were monitored about every 20 min.
The Compact Array Broadband Backend was used to
collect data, using the CFB 1M-0.5k mode with 16 zoom
bands, each with 2048 channels over 1MHz giving 0.5
kHz channel spacings, with all four polarisation products.
An analysis of the polarization properties of the masers,
including the identification of Zeeman pairs, will be pre-
sented in a forthcoming paper. The setup included 3 con-
catenated zoom bands at each of the 1612 and 1720MHz
maser transitions, 5 concatenated zoom bands covering
the 1665 and 1667MHz transitions and 3 concatenated
zoom bands at the Hi transition. The channel separation
is 0.09 km s−1. Edge channels were masked out during
the data reduction process. Since our observations were
targeted towards single-dish maser detections, we know
the velocity range of most of the maser emission expected
in each source. The velocity coverage over which maser
emission was searched for each transition was approx-
imately −250 to +210 km s−1 for 1612MHz, −210 to
+140 km s−1 for 1665/7MHz and −180 to +250 km s−1
for 1720MHz in the local standard of rest (LSR) refer-
ence frame. The mean rms sensitivity of the ATCA ob-
servations is ∼65 mJy in each 0.09 km s−1 channel. The
sensitivity of the ATCA observations is approximately
the same as the original SPLASH survey, but with a fac-
tor of two higher velocity resolution.
The Miriad task uvlin was adopted to subtract the
continuum emission. The data were then reduced us-
ingMiriad standard data reduction routines to produce
cleaned and restored data cubes, which were also cor-
rected for the primary beam response (Sault et al. 1995).
The cubes were then searched (over the area of the pri-
mary beam) for maser emission. In order to manage the
large volume of data and search masers within a reason-
able amount of time, the following method (similar to
Walsh et al. 2014) was used to search for masers:
1. The full data cube was binned in ten velocity chan-
nels (after binning, the channel width becomes 0.9
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km s−1) to maximise the sensitivity to maser spots
that have a typical OH maser line-width (based on
the Parkes SPLASH spectra; Dawson et al. 2014).
2. A peak-intensity map (in Miriad a moment −2
map) was formed from the whole binned cube.
3. The peak-intensity map was visually inspected for
bright spots, which are the signatures of masers.
4. Any maser candidate found in the peak-intensity
maps was then verified in the full data cube. Our
observations resulted in sparse sampling of the
uv-plane, which, when combined with very bright
maser spots, resulted in side-lobe artefacts in the
peak intensity maps. These can be distinguished
from real maser spots by visually checking their
appearance in the full data cube. A real maser
spot will typically be seen as the brightest feature
in multiple contiguous channels.
5. For channel ranges excluding the maser emission,
binned peak-intensity maps were created to check
if there were other weak masers.
The above manual method of searching for and char-
acterising features is at least as accurate as an auto-
mated method (Walsh et al. 2012, 2014). After identi-
fying maser spots, their positions are determined in the
following steps. An integrated intensity map (inMiriad
a moment 0 map) is created with the unbinned channels
over which the maser spot is detected. This integrated in-
tensity map has the highest signal-to-noise ratio for that
maser spot and therefore exhibits the most accurate po-
sition. If two maser spots are overlapping in velocity, we
identify their positions by only integrating over velocities
where the maser spot in question dominates the flux den-
sity. The Miriad task imfit is used to fit the integrated
intensity map and obtain both the position and relative
uncertainty in the position of the maser spot. The peak
velocity and peak flux density of a maser spot are deter-
mined from the spectrum, extracted at the position of the
maser spot using Miriad task uvspec. The integrated
flux density is also calculated using the spectrum of the
maser spot (see Section 3.1 for more details). We used
a systematic approach to determine the velocity range
for each maser spot: in order to improve the S/N of the
spectra, we averaged the data by binning five channels to
give a velocity resolution of about 0.45 kms−1. We calcu-
lated the rms noise (1-σ) of the binned data and identify
the velocity range as those channels with flux density in
excess of 3-σ. In addition, we excluded any part of the
spectrum with noise. Where spectra appear to show two
overlapping velocity components with a trough between
them, we classify each peak as a separate spot if the dif-
ference in flux density between the peak of the weaker
line and the lowest point of the trough is greater than
the 1-σ noise on the data. This method includes most
emission from maser spots, but at the same time does
not include weak emission from channels such that the
noise may dominate in that velocity range. However,
this method is not perfect and so the derived velocity
ranges and integrated intensities are intended to be used
as a guide. This is particularly the case when two maser
spots are blended in both velocity and position.
The absolute uncertainty in maser positions depends
on the phase noise during the observations, which is re-
lated to the distance between the phase calibrator and
the target region and the accuracy of the known loca-
tions of the phase calibrators, the locations of the an-
tennas, as well as the atmospheric conditions. A typi-
cal value of 1′′ for the absolute positional uncertainty is
adopted. This number is based on previous OH maser
surveys with the ATCA by Caswell (1998), who found
absolute positional uncertainties of OH masers were bet-
ter than 1′′. The relative positional uncertainty between
maser spots detected in the same field of view can be
more accurate than the absolute uncertainty. The 1-
σ relative positional uncertainty is approximately θ2S/N
(Reid et al. 1988), where θ is the convolved size of the
source (i.e., the beam size in the case of point sources,
such as masers). This allows us to compare the distribu-
tions of maser spots within a site on smaller scales than
the absolute uncertainty, but does not allow us to com-
pare the relative positions of maser spots with other data
sets (e.g. IR survey: GLIMPSE, WISE; Benjamin et al.
2003, Churchwell et al. 2009, Wright et al. 2010; as de-
scribed below) to better than 1′′.
Given that there are very few detections of 1720MHz
masers, we have used that band to investigate the contin-
uum emission associated with star formation OH masers.
We concatenated 3 zoom bands at this frequency which
resulted in a bandwidth of 2MHz. The data were re-
duced using standard techniques for ATCA continuum
data, resulting in a typical rms noise of 5 mJy. The re-
sults are detailed in Section 4.5.
3. RESULTS
In the SPLASH pilot region, of the 196 pointing cen-
tres identified in the Parkes observations of Dawson et al.
(2014), 175 are detected with maser emission from our
dataset and the MAGMO dataset. We did not detect
any maser emission toward 21 positions, which are dis-
cussed in more detail in Section 4.6. From our dataset
and the MAGMO dataset, we detect 700 maser spots.
The strongest flux density is 114 Jy and the weakest is
0.17 Jy.
Maser spots have been grouped into maser sites based
on their separations. The size of maser sites is discussed
in Section 4.2. We identify a total of 215 maser sites, 111
of which are newly detected. Among these 215 maser
sites, 162 maser sites are from our observations and 53
maser sites are from the MAGMO data. Details of these
53 MAGMO maser sites will be published later by the
MAGMO team. We include these 53 MAGMO maser
sites for statistical purposes only. Of these 215 maser
sites, 154 show maser emission at 1612MHz, 61 have
maser emission at 1665MHz, 57 show maser emission at
1667MHz and 9 show maser emission at 1720MHz. The
162 maser sites, which are obtained from our observa-
tions, are detailed in Table 1. In column 1, we assign a
name for each maser spot, based on the Galactic coordi-
nates of their accurate positions and the frequency (1612,
1665, 1667, 1720MHz) plus a letter to identify the maser
spots within the same maser site. For each frequency, let-
ters are assigned sequentially, based on their peak veloc-
ities (from low to high). Columns 2 and 3 show accurate
positions (R.A. and Decl.) for each maser spot, column
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4 is the peak flux density and column 5 is the integrated
flux density. Columns 6, 7 and 8 are peak, minimum and
maximum velocities, respectively. Columns 9, 10 and 11
show the uncertainties in position, i.e. uncertainties in
minor axis, major axis and position angle. Column 12
shows the astrophysical identification of each maser site,
which is discussed in Section 4.1. The final column indi-
cates whether the maser site is a new detection. There
are 44 maser sites which only have one maser spot, while
the remaining 171 sites have more than one. The richest
maser site (G336.075−1.084) has 26 maser spots in to-
tal at 1612, 1665 and 1667MHz and the second richest
maser site (G337.404−0.402 from MAGMO) exhibits 21
maser spots at 1665 and 1667MHz.
TABLE 1
Details of 162 maser sites, derived from the ATCA observations.
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G333.942+0.387-1612A 16:21:01.143 -49:26:14.21 0.42 0.53 -72.9 -74.4 -71.7 0.38 0.59 -12.4 U N
G334.097+0.185-1612A 16:22:34.371 -49:28:12.98 0.78 0.87 -25.8 -26.7 -24.0 0.32 0.49 -12.4 ES-SEV S97
G334.097+0.185-1612B 16:22:34.365 -49:28:12.79 0.21 0.19 1.2 1.0 2.3 0.56 0.88 -12.4 ES-SEV S97
G334.097+0.185-1612C 16:22:34.350 -49:28:12.60 0.41 0.58 3.9 2.8 5.1 0.34 0.53 -12.4 ES-SEV S97
G334.132+0.384-1720A 16:21:51.466 -49:18:17.11 0.36 0.31 -45.4 -45.7 -44.4 0.84 1.30 -12.4 U N
G334.251−0.596-1612A 16:26:41.198 -49:54:27.31 1.07 1.51 -59.5 -60.2 -57.0 0.18 0.28 -13.0 ES-CHE N
G334.251−0.597-1612B 16:26:41.229 -49:54:27.45 0.46 0.67 -21.0 -24.8 -20.2 0.38 0.58 -13.0 ES-CHE N
G334.279+1.354-1612A 16:18:20.651 -48:30:43.48 1.12 1.61 -168.9 -171.2 -167.6 0.25 0.39 -9.0 ES-LI1 L91
G334.279+1.354-1612B 16:18:20.635 -48:30:43.32 0.83 0.93 -148.1 -150.3 -147.1 0.32 0.50 -9.0 ES-LI1 L91
G334.309−0.465-1612A 16:26:20.937 -49:46:30.13 0.30 0.82 -61.4 -62.0 -55.7 0.44 0.68 -13.0 ES-VIS N
G334.309−0.465-1612B 16:26:20.948 -49:46:29.22 0.24 0.29 -29.6 -31.1 -29.3 0.65 0.99 -13.0 ES-VIS N
G334.387−0.178-1612A 16:25:24.933 -49:31:09.11 1.29 3.92 -126.3 -127.7 -120.0 0.23 0.35 -9.0 ES-HOP S97
G334.387−0.178-1612B 16:25:24.939 -49:31:09.25 1.14 3.47 -87.2 -92.3 -84.2 0.27 0.42 -9.0 ES-HOP S97
G334.458+0.877-1612A 16:21:08.406 -48:43:34.80 1.24 1.35 -129.2 -130.0 -127.8 0.24 0.38 -5.7 ES-SEV S97
G334.457+0.877-1612B 16:21:08.404 -48:43:34.91 1.37 1.35 -98.1 -99.6 -97.4 0.23 0.38 -5.7 ES-SEV S97
G334.458+0.877-1667A 16:21:08.383 -48:43:33.43 0.28 0.24 -97.4 -98.8 -97.1 0.77 1.22 -5.7 ES-SEV S97
G334.498+0.380-1612A 16:23:27.200 -49:02:55.48 0.37 0.53 -6.3 -7.2 -4.5 0.45 0.72 -5.5 ES-VIS N
G334.498+0.380-1612B 16:23:27.178 -49:02:55.38 0.29 0.23 27.1 26.4 27.7 0.66 1.46 -5.5 ES-VIS N
G334.577+1.958-1612A 16:17:05.722 -47:52:18.49 0.40 0.53 -90.4 -91.0 -88.8 0.49 0.77 -1.5 U N
G334.710+1.561-1612A 16:19:19.354 -48:03:44.17 2.53 4.17 -59.4 -60.3 -55.8 0.14 0.21 -1.6 ES-SEV S97
G334.710+1.561-1612B 16:19:19.357 -48:03:44.23 1.71 3.48 -27.1 -33.1 -26.3 0.20 0.31 -1.6 ES-SEV S97
G334.710+1.561-1667A 16:19:19.347 -48:03:44.15 0.34 0.21 -26.3 -27.0 -25.7 0.61 0.97 -1.6 ES-SEV S97
G334.726+1.616-1612A 16:19:09.556 -48:00:42.92 3.27 6.76 35.2 34.1 41.4 0.08 0.12 -1.6 ES-SEV S97
G334.726+1.616-1612B 16:19:09.553 -48:00:43.09 0.94 1.45 58.2 56.8 60.0 0.27 0.42 -1.6 ES-SEV S97
G334.726+1.616-1667A 16:19:09.591 -48:00:42.39 0.25 0.42 59.0 57.3 60.3 0.48 0.75 -1.6 ES-SEV S97
G334.752−1.523-1612A 16:33:01.008 -50:10:55.93 0.29 0.39 -7.2 -8.4 -5.2 0.45 0.72 2.0 ES-LI1 L91
G334.752−1.523-1612B 16:33:00.986 -50:10:55.78 0.30 0.46 19.5 17.5 20.7 0.54 0.85 2.0 ES-LI1 L91
G334.752−1.523-1612C 16:33:00.999 -50:10:55.87 0.88 1.13 22.6 21.2 23.4 0.28 0.44 2.0 ES-LI1 L91
G334.752−1.523-1612D 16:33:00.994 -50:10:55.71 1.49 2.30 24.6 23.9 26.6 0.19 0.29 2.0 ES-LI1 L91
G334.830−1.936-1612A 16:35:14.930 -50:24:16.12 0.40 0.55 -70.0 -70.7 -68.0 0.44 0.82 -2.6 ES-SEV S97
G334.830−1.936-1612B 16:35:14.977 -50:24:16.59 0.35 0.34 -33.6 -34.9 -33.1 0.40 0.62 -2.6 ES-SEV S97
G334.898+0.520-1612A 16:24:33.445 -48:39:54.91 3.16 3.84 -72.1 -73.0 -70.7 0.17 0.27 1.9 ES-SEV S97
G334.898+0.520-1612B 16:24:33.442 -48:39:54.89 1.62 2.40 -69.8 -70.2 -66.2 0.30 0.47 1.9 ES-SEV S97
G334.898+0.520-1612C 16:24:33.443 -48:39:54.83 3.73 5.92 -43.8 -49.8 -42.6 0.16 0.25 1.9 ES-SEV S97
G334.958−0.844-1612A 16:30:48.759 -49:34:03.00 0.25 0.16 -145.4 -146.2 -145.3 0.90 1.30 -25.2 U N
G335.000+0.687-1612A 16:24:16.053 -48:28:29.39 0.46 0.44 -125.1 -125.6 -123.8 0.43 0.69 1.9 ES-VIS N
G335.001+0.687-1612B 16:24:16.015 -48:28:28.42 0.34 0.32 -100.6 -102.0 -100.2 0.45 0.71 1.9 ES-VIS N
G335.136+0.196-1612A 16:26:57.829 -48:43:14.92 0.40 0.30 18.8 18.1 19.4 0.38 0.58 0.3 U N
G335.136+0.196-1612B 16:26:57.764 -48:43:14.91 0.26 0.35 21.5 19.9 22.6 0.45 0.70 0.3 U N
G335.238+1.283-1612A 16:22:43.581 -47:53:13.76 0.32 0.28 31.9 30.8 32.1 0.44 0.71 7.7 ES-VIS N
G335.238+1.283-1612B 16:22:43.525 -47:53:13.35 0.22 0.21 48.2 47.6 48.9 0.81 1.31 7.7 ES-VIS N
G335.476+1.826-1612A 16:21:26.738 -47:20:04.58 0.40 0.32 -114.9 -115.2 -113.4 0.38 0.61 8.9 ES-VIS N
G335.476+1.826-1612B 16:21:26.718 -47:20:05.27 0.23 0.22 -86.1 -87.1 -85.3 0.60 0.99 8.9 ES-VIS N
G335.715+0.991-1612A 16:25:57.606 -47:45:05.98 5.20 8.23 -41.9 -43.3 -37.4 0.13 0.22 -3.3 ES-SEV S97
G335.715+0.991-1612B 16:25:57.606 -47:45:05.98 11.22 19.63 -7.9 -13.8 -6.1 0.10 0.16 -3.3 ES-SEV S97
G335.715+0.991-1667A 16:25:57.646 -47:45:06.74 0.31 0.32 -43.2 -43.9 -42.2 0.48 0.80 -3.3 ES-SEV S97
G335.715+0.991-1667B 16:25:57.617 -47:45:06.39 0.34 0.63 -8.6 -10.6 -7.5 0.36 0.62 -3.3 ES-SEV S97
G335.715+0.991-1667C 16:25:57.617 -47:45:06.18 0.37 0.38 -6.4 -7.1 -5.3 0.56 0.95 -3.3 ES-SEV S97
G335.751+1.454-1612A 16:24:08.966 -47:24:06.65 0.41 0.94 -71.4 -72.3 -68.7 0.55 0.84 -12.6 ES-VIS N
G335.751+1.454-1612B 16:24:08.998 -47:24:07.14 1.09 2.26 -39.2 -45.5 -38.3 0.22 0.34 -12.6 ES-VIS N
G335.789+0.174-1665A 16:29:47.309 -48:15:51.77 1.02 0.57 -54.0 -54.3 -53.4 0.32 0.47 -13.6 SF-MMB C98
G335.789+0.174-1665B 16:29:47.339 -48:15:52.19 0.82 1.01 -51.3 -52.9 -50.3 0.42 0.63 -13.6 SF-MMB C98
G335.789+0.174-1667A 16:29:47.337 -48:15:51.97 5.07 3.13 -52.3 -53.1 -51.4 0.12 0.18 -16.9 SF-MMB C98
G335.832+1.434-1612A 16:24:33.962 -47:21:30.20 5.18 7.35 -97.1 -99.1 -95.0 0.09 0.14 -12.6 ES-RMS S97
G335.832+1.434-1612B 16:24:33.943 -47:21:30.48 0.52 1.06 -94.2 -94.5 -90.9 0.37 0.59 -12.6 ES-RMS S97
G335.832+1.434-1612C 16:24:33.951 -47:21:30.37 2.55 3.16 -69.7 -78.2 -69.6 0.19 0.29 -12.6 ES-RMS S97
G335.832+1.434-1612D 16:24:33.957 -47:21:30.42 2.75 3.40 -68.7 -69.1 -67.3 0.15 0.23 -12.6 ES-RMS S97
G335.832+1.434-1612E 16:24:33.950 -47:21:30.31 0.43 1.62 -64.6 -66.9 -61.0 0.39 0.60 -12.6 ES-RMS S97
G335.832+1.434-1665A 16:24:33.955 -47:21:30.22 0.36 1.84 -87.6 -92.0 -82.3 0.35 0.53 -12.6 ES-RMS S97
G335.832+1.434-1665B 16:24:33.937 -47:21:30.61 0.45 2.35 -79.1 -81.9 -70.0 0.33 0.51 -12.6 ES-RMS S97
G335.996−0.853-1612A 16:35:10.812 -48:48:50.24 0.35 0.38 -159.1 -160.0 -158.2 0.40 0.61 -9.8 ES-VIS N
G335.996−0.853-1612B 16:35:10.825 -48:48:49.93 0.46 0.80 -134.7 -137.3 -133.2 0.38 0.58 -9.8 ES-VIS N
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Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G336.064+0.003-1612A 16:31:40.078 -48:10:53.47 0.54 1.34 -85.4 -86.9 -82.4 0.32 0.49 -10.6 ES-VIS S97
G336.064+0.003-1612B 16:31:40.081 -48:10:53.42 0.98 1.74 -50.9 -53.3 -49.3 0.24 0.37 -10.6 ES-VIS S97
G336.075−1.084-1612A 16:36:32.522 -48:54:37.95 2.13 1.37 -90.6 -91.4 -90.1 0.17 0.26 -9.8 ES-RMS S97
G336.075−1.084-1612B 16:36:32.529 -48:54:37.95 2.45 3.94 -88.9 -89.6 -86.9 0.13 0.20 -9.8 ES-RMS S97
G336.075−1.084-1612C 16:36:32.492 -48:54:37.84 2.27 4.27 -85.1 -86.4 -83.3 0.13 0.20 -9.8 ES-RMS S97
G336.075−1.084-1612D 16:36:32.496 -48:54:37.79 1.51 2.28 -81.6 -82.8 -80.1 0.19 0.29 -9.8 ES-RMS S97
G336.075−1.084-1612E 16:36:32.508 -48:54:37.63 0.93 2.54 -78.0 -79.6 -74.2 0.26 0.40 -9.8 ES-RMS S97
G336.075−1.084-1612F 16:36:32.531 -48:54:37.91 3.49 4.12 -59.6 -62.8 -58.8 0.10 0.15 -9.8 ES-RMS S97
G336.075−1.084-1612G 16:36:32.532 -48:54:37.96 3.23 2.51 -57.5 -58.3 -57.4 0.08 0.12 -9.8 ES-RMS S97
G336.075−1.084-1612H 16:36:32.526 -48:54:37.97 4.61 3.53 -56.1 -56.9 -56.0 0.06 0.08 -9.8 ES-RMS S97
G336.075−1.084-1612I 16:36:32.529 -48:54:37.96 13.12 20.16 -53.9 -55.6 -53.3 0.03 0.05 -9.8 ES-RMS S97
G336.075−1.084-1612J 16:36:32.529 -48:54:37.97 16.94 25.77 -52.5 -52.8 -47.9 0.04 0.07 -9.8 ES-RMS S97
G336.075−1.084-1665A 16:36:32.524 -48:54:38.04 3.89 1.70 -90.8 -91.2 -90.3 0.11 0.17 -9.8 ES-RMS S97
G336.075−1.084-1665B 16:36:32.523 -48:54:37.97 4.01 2.36 -88.8 -89.9 -88.1 0.13 0.19 -9.8 ES-RMS S97
G336.075−1.084-1665C 16:36:32.522 -48:54:38.03 1.47 0.66 -87.6 -87.7 -86.8 0.20 0.32 -9.8 ES-RMS S97
G336.075−1.084-1665D 16:36:32.551 -48:54:38.04 0.44 0.83 -84.8 -86.4 -82.9 0.34 0.52 -9.8 ES-RMS S97
G336.075−1.084-1665E 16:36:32.507 -48:54:37.40 0.23 0.11 -69.5 -69.7 -68.8 0.63 0.99 -9.8 ES-RMS S97
G336.075−1.084-1665F 16:36:32.515 -48:54:37.58 0.22 0.32 -66.5 -67.9 -65.7 0.44 0.67 -9.8 ES-RMS S97
G336.075−1.084-1665G 16:36:32.549 -48:54:38.33 0.29 0.24 -64.6 -64.8 -63.5 0.54 0.81 -9.8 ES-RMS S97
G336.075−1.084-1665H 16:36:32.573 -48:54:38.50 0.23 0.17 -59.9 -60.4 -59.1 0.64 1.02 -9.8 ES-RMS S97
G336.075−1.084-1665I 16:36:32.562 -48:54:38.60 0.21 0.22 -57.9 -58.7 -56.9 0.71 1.12 -9.8 ES-RMS S97
G336.075−1.084-1665J 16:36:32.515 -48:54:38.11 0.82 1.31 -52.8 -54.7 -51.7 0.31 0.47 -9.8 ES-RMS S97
G336.075−1.084-1665K 16:36:32.539 -48:54:37.86 0.62 0.60 -50.1 -51.2 -49.9 0.27 0.71 -9.8 ES-RMS S97
G336.075−1.084-1665L 16:36:32.520 -48:54:37.91 1.18 0.81 -49.0 -49.5 -48.2 0.21 0.31 -9.8 ES-RMS S97
G336.075−1.084-1667A 16:36:32.526 -48:54:37.97 3.87 2.19 -90.6 -91.4 -89.6 0.10 0.16 -9.8 ES-RMS S97
G336.075−1.084-1667B 16:36:32.538 -48:54:37.31 0.26 0.23 -88.9 -89.2 -87.4 0.59 0.90 -9.8 ES-RMS S97
G336.075−1.084-1667C 16:36:32.450 -48:54:38.22 0.25 0.13 -85.1 -85.7 -84.8 0.91 1.36 -9.8 ES-RMS S97
G336.075−1.084-1667D 16:36:32.582 -48:54:38.28 0.29 0.37 -58.4 -60.2 -58.0 0.47 0.71 -9.8 ES-RMS S97
G336.098−0.878-1612A 16:35:42.641 -48:45:19.31 0.28 0.61 -66.0 -66.9 -62.9 0.43 0.66 -9.8 ES-VIS N
G336.098−0.878-1612B 16:35:42.638 -48:45:19.34 0.38 0.94 -26.1 -29.2 -25.2 0.33 0.52 -9.8 ES-VIS N
G336.277+0.614-1612A 16:29:53.196 -47:36:26.06 0.58 0.58 -110.4 -111.2 -109.0 0.40 0.63 -6.2 ES-VIS N
G336.277+0.615-1612B 16:29:53.187 -47:36:25.82 0.29 0.31 -78.1 -79.0 -77.2 0.61 0.96 -6.2 ES-VIS N
G336.313+1.378-1612A 16:26:46.634 -47:03:12.12 1.93 2.74 -137.7 -138.6 -132.7 0.19 0.29 -6.0 ES-SEV S97
G336.313+1.378-1612B 16:26:46.629 -47:03:12.20 1.92 2.98 -105.7 -110.9 -104.6 0.19 0.29 -6.0 ES-SEV S97
G336.573+0.701-1612A 16:30:42.863 -47:19:58.17 0.31 0.30 -67.2 -68.0 -66.2 0.36 0.56 -2.5 ES-VIS N
G336.572+0.701-1612B 16:30:42.856 -47:19:58.59 0.20 0.19 -37.9 -38.9 -37.6 0.59 0.96 -2.5 ES-VIS N
G336.615+1.307-1612A 16:28:18.369 -46:53:07.78 0.23 0.14 -74.9 -75.6 -74.7 0.65 1.04 -6.4 ES-VIS N
G336.615+1.307-1612B 16:28:18.386 -46:53:07.54 0.30 0.27 -45.2 -46.0 -44.7 0.40 0.64 -6.4 ES-VIS N
G336.644−0.695-1612A 16:37:06.581 -48:13:42.54 0.39 0.47 -45.8 -46.3 -44.1 0.38 0.58 -9.6 PN-USC N
G336.644−0.695-1667A 16:37:06.567 -48:13:42.32 0.37 0.45 -45.8 -46.4 -44.7 0.39 0.63 -4.6 PN-USC N
G336.644−0.695-1720A 16:37:06.588 -48:13:42.39 0.95 0.89 -61.0 -61.6 -59.9 0.29 0.47 -4.6 PN-USC N
G336.644−0.696-1720B 16:37:06.628 -48:13:42.43 0.34 0.28 -55.8 -56.1 -54.8 0.59 0.92 -4.6 PN-USC N
G336.644−0.695-1720C 16:37:06.535 -48:13:42.35 0.30 0.29 -49.0 -50.1 -48.4 0.48 0.78 -4.6 PN-USC N
G336.644−0.696-1720D 16:37:06.634 -48:13:42.46 0.43 0.71 -24.5 -26.3 -23.3 0.34 0.55 -4.6 PN-USC N
G336.644−0.695-1720E 16:37:06.636 -48:13:41.44 0.29 0.23 -22.6 -22.9 -21.6 0.41 0.64 -4.6 PN-USC N
G336.701+0.924-1612A 16:30:16.805 -47:05:10.50 0.54 0.52 -56.4 -57.1 -55.8 0.42 0.63 -2.5 ES-VIS N
G336.701+0.925-1612B 16:30:16.783 -47:05:09.56 0.29 0.30 -37.2 -38.5 -36.7 0.47 0.74 -2.5 ES-VIS N
G336.739+0.522-1612A 16:32:09.599 -47:20:04.21 0.79 1.21 -58.7 -59.6 -56.4 0.30 0.48 2.4 ES-VIS N
G336.739+0.522-1612B 16:32:09.598 -47:20:04.44 0.40 0.64 -18.7 -21.0 -17.8 0.35 0.56 2.4 ES-VIS N
G336.817+0.300-1612A 16:33:26.010 -47:25:42.63 1.36 4.60 35.8 34.0 42.1 0.28 0.44 -2.7 ES-SEV S97
G336.817+0.300-1612B 16:33:26.010 -47:25:42.59 1.02 3.26 59.6 54.8 62.5 0.32 0.50 -2.7 ES-SEV S97
G336.880−1.042-1612A 16:39:36.472 -48:17:02.98 0.73 1.56 -131.2 -131.9 -126.9 0.38 0.58 -1.7 ES-VIS N
G336.880−1.042-1612B 16:39:36.475 -48:17:03.07 1.74 2.07 -101.4 -105.1 -100.6 0.19 0.30 -1.7 ES-VIS N
G337.001−0.754-1612A 16:38:47.950 -48:00:07.49 0.35 0.10 -122.1 -122.2 -121.8 0.51 0.79 1.3 U N
G337.000−0.754-1665A 16:38:47.917 -48:00:09.39 0.32 0.37 -123.0 -123.6 -121.9 0.41 0.67 1.3 U N
G337.029−1.796-1612A 16:43:36.938 -48:40:11.67 0.61 1.17 -180.3 -181.2 -177.6 0.28 0.43 0.6 ES-RMS S97
G337.029−1.796-1612B 16:43:36.932 -48:40:11.40 0.77 1.69 -148.3 -151.7 -147.1 0.29 0.45 0.6 ES-RMS S97
G337.064−1.173-1612A 16:40:55.824 -48:13:59.82 1.94 13.67 -90.5 -96.5 -80.1 0.19 0.29 -1.7 ES-BAI S97
G337.201+0.114-1665A 16:35:46.541 -47:16:16.91 2.08 1.53 -64.9 -66.2 -64.4 0.22 0.36 1.3 SF-MMB N
G337.201+0.114-1665B 16:35:46.493 -47:16:17.31 0.34 0.19 -63.4 -64.0 -63.1 0.62 0.94 1.3 SF-MMB N
G337.201+0.114-1667A 16:35:46.534 -47:16:16.22 0.44 0.21 -60.7 -61.1 -60.2 0.33 0.50 1.3 SF-MMB N
G337.231+0.044-1612A 16:36:11.815 -47:17:47.91 0.67 1.81 -26.3 -28.8 -22.5 0.32 0.51 1.3 ES-VIS N
G337.230+0.044-1612B 16:36:11.796 -47:17:48.93 0.27 0.33 23.3 21.1 23.8 0.78 0.93 1.3 ES-VIS N
G337.241+0.146-1612A 16:35:47.671 -47:13:14.21 0.30 0.36 -25.9 -27.0 -25.2 0.87 1.31 1.3 ES-VIS N
G337.241+0.146-1612B 16:35:47.719 -47:13:14.04 0.29 0.15 1.7 1.2 2.1 0.49 0.82 1.3 ES-VIS N
G337.258−0.101-1665A 16:36:56.314 -47:22:27.46 0.65 1.01 -69.3 -71.0 -67.9 0.36 0.56 1.3 SF-MMB C98
G337.258−0.101-1665B 16:36:56.294 -47:22:27.45 0.35 0.21 -65.9 -66.2 -65.3 0.54 0.88 1.3 SF-MMB C98
G337.258−0.101-1665C 16:36:56.309 -47:22:27.32 0.45 0.67 -62.0 -64.4 -61.3 0.49 0.76 1.3 SF-MMB C98
G337.258−0.101-1667A 16:36:56.339 -47:22:26.90 0.33 0.24 -70.0 -70.7 -69.4 0.69 1.07 1.3 SF-MMB C98
G337.322−0.205-1612A 16:37:38.987 -47:23:48.89 0.69 1.33 -151.8 -153.3 -149.7 0.33 0.50 -13.5 U S97
G337.356−0.137-1612A 16:37:29.216 -47:19:31.72 2.08 3.38 -43.7 -44.8 -42.1 0.35 0.53 -13.7 ES-SEV S97
G337.356−0.137-1612B 16:37:29.201 -47:19:31.58 1.38 4.55 -40.8 -41.6 -34.4 0.44 0.68 -13.7 ES-SEV S97
G337.356−0.137-1612C 16:37:29.201 -47:19:31.55 2.29 11.90 -12.6 -28.0 -10.8 0.33 0.49 -13.7 ES-SEV S97
G337.423+0.762-1612A 16:33:51.426 -46:40:12.75 0.37 0.58 -71.1 -72.1 -69.0 0.32 0.54 -5.5 ES-VIS N
G337.423+0.762-1612B 16:33:51.427 -46:40:12.68 0.77 0.69 -46.7 -48.1 -45.8 0.37 0.62 -5.5 ES-VIS N
G337.539+0.130-1612A 16:37:02.571 -47:00:39.53 8.44 26.26 -143.8 -147.4 -139.7 0.13 0.20 -13.5 ES-SEV S97
G337.539+0.130-1612B 16:37:02.575 -47:00:39.51 1.08 0.78 -138.9 -139.3 -138.4 0.34 0.52 -13.5 ES-SEV S97
G337.539+0.130-1612C 16:37:02.577 -47:00:39.54 1.10 1.82 -136.9 -137.9 -135.2 0.26 0.40 -13.5 ES-SEV S97
G337.539+0.130-1612D 16:37:02.593 -47:00:39.79 0.74 1.26 -133.9 -134.7 -130.6 0.29 0.43 -13.5 ES-SEV S97
G337.539+0.130-1612E 16:37:02.575 -47:00:39.54 1.77 6.02 -97.0 -105.7 -96.1 0.22 0.33 -13.5 ES-SEV S97
G337.539+0.130-1612F 16:37:02.571 -47:00:39.59 3.41 5.23 -94.2 -95.7 -93.4 0.17 0.25 -13.5 ES-SEV S97
G337.539+0.130-1612G 16:37:02.577 -47:00:39.64 3.47 5.68 -92.4 -92.9 -89.8 0.16 0.25 -13.5 ES-SEV S97
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TABLE 1 — Continued
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G337.539+0.130-1665A 16:37:02.594 -47:00:40.19 0.28 0.28 -144.8 -145.0 -143.2 0.51 0.78 -13.7 ES-SEV S97
G337.539+0.130-1667A 16:37:02.586 -47:00:39.20 0.39 1.19 -93.0 -98.5 -90.6 0.41 0.62 -13.9 ES-SEV S97
G337.612−0.060-1665A 16:38:09.478 -47:05:00.46 0.47 0.50 -58.7 -59.7 -57.9 0.47 0.71 -13.5 SF-MMB C98
G337.612−0.060-1665B 16:38:09.522 -47:05:00.04 1.04 0.88 -42.7 -43.4 -42.1 0.33 0.50 -13.5 SF-MMB C98
G337.612−0.060-1665C 16:38:09.506 -47:04:59.87 0.98 0.61 -41.5 -41.7 -40.4 0.29 0.44 -13.5 SF-MMB C98
G337.612−0.060-1720A 16:38:09.540 -47:05:00.40 0.61 0.60 -39.9 -41.4 -39.3 0.40 0.62 -13.5 SF-MMB C98
G337.705−0.053-1665A 16:38:29.657 -47:00:35.36 14.08 15.35 -50.7 -55.4 -50.6 0.42 0.64 -11.1 SF-MMB C98
G337.705−0.053-1665B 16:38:29.675 -47:00:35.53 21.31 29.41 -49.2 -50.1 -46.2 0.37 0.59 -11.1 SF-MMB C98
G337.705−0.053-1667A 16:38:29.671 -47:00:35.99 0.55 0.91 -60.7 -61.3 -58.2 0.45 0.69 -10.6 SF-MMB C98
G337.705−0.053-1667B 16:38:29.636 -47:00:36.27 0.38 0.42 -56.9 -57.3 -55.6 0.61 0.93 -10.6 SF-MMB C98
G337.705−0.053-1667C 16:38:29.649 -47:00:35.52 0.80 0.67 -53.3 -54.7 -52.9 0.52 0.80 -10.6 SF-MMB C98
G337.705−0.053-1667D 16:38:29.669 -47:00:35.27 5.92 13.11 -49.6 -52.5 -46.8 0.27 0.41 -10.6 SF-MMB C98
G337.712−1.655-1612A 16:45:39.532 -48:03:39.18 0.35 0.50 -98.5 -99.1 -96.4 0.55 0.81 -14.9 ES-VIS N
G337.712−1.655-1612B 16:45:39.523 -48:03:38.69 0.52 0.64 -63.1 -64.6 -62.3 0.28 0.42 -14.9 ES-VIS N
G337.719+0.350-1612A 16:36:47.649 -46:43:46.72 0.61 0.37 -56.3 -57.5 -56.1 0.38 0.57 -14.7 ES-RMS S97
G337.719+0.350-1612B 16:36:47.644 -46:43:46.98 2.20 4.77 -54.0 -55.6 -47.5 0.19 0.29 -14.7 ES-RMS S97
G337.719+0.350-1612C 16:36:47.648 -46:43:46.93 1.69 5.79 -24.1 -31.6 -21.6 0.21 0.31 -14.7 ES-RMS S97
G337.719+0.350-1667A 16:36:47.659 -46:43:47.05 0.73 0.97 -21.8 -23.8 -20.7 0.31 0.47 -14.3 ES-RMS S97
G337.782+1.394-1612A 16:32:35.294 -45:58:37.84 0.53 0.69 -33.9 -35.7 -32.5 0.35 0.54 -10.4 U N
G337.800+0.737-1612A 16:35:26.810 -46:24:32.25 0.55 0.62 -139.4 -139.9 -137.6 0.36 0.57 -9.4 ES-VIS N
G337.800+0.738-1612B 16:35:26.790 -46:24:31.98 0.26 0.38 -109.6 -112.7 -109.0 0.66 1.02 -9.4 ES-VIS N
G337.802−0.053-1720A 16:38:52.189 -46:56:15.96 1.99 3.38 -44.9 -46.6 -43.2 0.20 0.30 -11.1 SN-CAS C04
G337.810−0.258-1612A 16:39:47.870 -47:04:06.46 0.49 0.57 -122.9 -123.5 -121.7 0.68 1.04 -11.1 ES-LI2 L89
G337.810−0.258-1612B 16:39:47.894 -47:04:06.39 0.68 2.47 -118.7 -121.2 -114.9 0.51 0.77 -11.1 ES-LI2 L89
G337.810−0.258-1612C 16:39:47.872 -47:04:06.60 0.97 1.34 -96.8 -99.4 -96.7 0.43 0.67 -11.1 ES-LI2 L89
G337.810−0.258-1612D 16:39:47.875 -47:04:06.55 1.35 2.03 -95.1 -96.2 -94.0 0.31 0.47 -11.1 ES-LI2 L89
G337.860+0.271-1612A 16:37:41.509 -46:40:40.17 2.92 2.69 -83.4 -85.1 -82.9 0.16 0.24 -14.7 ES-HOP S97
G337.861+0.271-1612B 16:37:41.535 -46:40:40.24 2.34 1.76 -82.2 -82.4 -81.5 0.14 0.21 -14.7 ES-HOP S97
G337.861+0.271-1612C 16:37:41.542 -46:40:40.17 2.51 1.83 -80.7 -81.1 -80.2 0.15 0.22 -14.7 ES-HOP S97
G337.861+0.271-1612D 16:37:41.556 -46:40:40.00 3.07 3.09 -78.9 -79.7 -77.0 0.16 0.25 -14.7 ES-HOP S97
G337.860+0.271-1612E 16:37:41.514 -46:40:40.60 1.12 1.04 -41.3 -42.0 -40.2 0.29 0.43 -14.7 ES-HOP S97
G337.860+0.271-1612F 16:37:41.510 -46:40:41.10 0.45 0.54 -39.2 -39.7 -37.5 0.34 0.53 -14.7 ES-HOP S97
G337.860+0.271-1665A 16:37:41.520 -46:40:40.91 0.61 0.39 -57.9 -58.3 -57.0 0.34 0.50 -14.7 ES-HOP S97
G337.860+0.271-1667A 16:37:41.508 -46:40:40.69 1.35 2.79 -80.6 -83.1 -76.9 0.22 0.32 -14.3 ES-HOP S97
G337.860+0.271-1667B 16:37:41.513 -46:40:40.82 0.79 1.57 -75.0 -76.5 -73.0 0.28 0.43 -14.3 ES-HOP S97
G337.860+0.271-1667C 16:37:41.529 -46:40:40.76 0.79 1.20 -71.0 -72.5 -69.0 0.32 0.48 -14.3 ES-HOP S97
G337.860+0.271-1667D 16:37:41.506 -46:40:41.49 0.56 0.56 -67.7 -68.6 -66.4 0.51 0.78 -14.3 ES-HOP S97
G337.860+0.271-1667E 16:37:41.519 -46:40:40.86 1.19 1.26 -59.2 -61.1 -58.9 0.28 0.43 -14.3 ES-HOP S97
G337.860+0.271-1667F 16:37:41.519 -46:40:40.82 0.87 0.81 -58.2 -58.5 -57.2 0.29 0.44 -14.3 ES-HOP S97
G337.860+0.271-1667G 16:37:41.547 -46:40:41.11 0.56 0.35 -56.4 -56.7 -55.8 0.37 0.56 -14.3 ES-HOP S97
G337.860+0.271-1667H 16:37:41.516 -46:40:40.95 1.66 2.18 -54.0 -55.4 -51.9 0.20 0.31 -14.3 ES-HOP S97
G337.877+0.820-1612A 16:35:23.558 -46:17:46.52 0.29 0.40 -115.3 -116.7 -114.0 0.50 0.79 -9.4 U N
G337.950−1.875-1612A 16:47:34.787 -48:01:20.45 0.51 0.61 -80.8 -81.4 -79.2 0.29 0.44 -11.5 ES-VIS N
G337.950−1.875-1612B 16:47:34.793 -48:01:19.19 0.27 0.38 -51.0 -54.6 -50.6 0.36 0.56 -11.5 ES-VIS N
G337.989+1.134-1612A 16:34:29.831 -46:00:04.71 0.60 0.79 -115.1 -116.6 -113.9 0.32 0.51 -6.1 ES-RMS S97
G337.989+1.134-1612B 16:34:29.834 -46:00:04.61 0.29 0.34 -112.3 -113.4 -111.6 0.54 0.90 -6.1 ES-RMS S97
G337.989+1.134-1612C 16:34:29.822 -46:00:04.46 0.47 0.58 -84.0 -87.1 -83.9 0.31 0.50 -6.1 ES-RMS S97
G337.989+1.134-1612D 16:34:29.815 -46:00:04.38 0.40 0.35 -83.1 -83.4 -82.1 0.53 0.84 -6.1 ES-RMS S97
G337.994−0.124-1612A 16:39:55.769 -46:50:29.96 7.21 17.27 -88.6 -91.7 -87.2 0.39 0.60 -11.1 ES-HOP S97
G337.994−0.124-1612B 16:39:55.764 -46:50:29.99 3.73 5.40 -86.6 -86.7 -84.9 0.36 0.56 -11.1 ES-HOP S97
G337.994−0.124-1612C 16:39:55.760 -46:50:29.87 1.93 5.71 -83.9 -84.4 -78.5 0.28 0.42 -11.1 ES-HOP S97
G337.994−0.124-1612D 16:39:55.766 -46:50:29.93 2.63 7.10 -49.6 -60.3 -49.0 0.31 0.49 -11.1 ES-HOP S97
G337.994−0.124-1612E 16:39:55.764 -46:50:30.02 2.71 5.84 -46.4 -48.5 -44.9 0.31 0.48 -11.1 ES-HOP S97
G338.000−0.150-1667A 16:40:04.006 -46:51:18.60 0.53 2.25 -66.9 -72.7 -64.8 0.40 0.61 -10.6 SF-RMS N
G338.000−0.150-1667B 16:40:03.998 -46:51:18.06 0.67 3.38 -59.9 -64.3 -56.9 0.29 0.44 -10.6 SF-RMS N
G338.000−0.150-1667C 16:40:04.009 -46:51:18.11 0.78 4.80 -48.5 -56.4 -43.3 0.36 0.55 -10.6 SF-RMS N
G338.000−0.150-1667D 16:40:04.024 -46:51:17.85 0.35 0.83 -35.4 -38.4 -34.9 0.44 0.69 -10.6 SF-RMS N
G337.999−0.151-1667E 16:40:04.032 -46:51:18.92 0.40 1.61 -28.8 -34.5 -26.2 0.55 0.84 -10.6 SF-RMS N
G338.030−1.822-1612A 16:47:39.049 -47:55:35.42 0.65 0.60 -98.8 -99.1 -97.3 0.39 0.60 -11.5 ES-RMS N
G338.031−1.822-1612B 16:47:39.052 -47:55:35.28 0.43 0.56 -69.1 -70.1 -67.8 0.38 0.60 -11.5 ES-RMS N
G338.232+1.204-1612A 16:35:08.506 -45:46:30.17 0.27 0.29 -150.2 -151.1 -149.3 0.47 0.75 -6.1 ES-VIS N
G338.232+1.205-1612B 16:35:08.460 -45:46:29.69 0.31 0.27 -131.1 -131.6 -130.2 0.58 0.96 -6.1 ES-VIS N
G338.513+1.503-1612A 16:34:58.165 -45:21:58.09 0.31 0.34 -72.8 -73.8 -71.6 0.45 0.75 -5.3 U N
G338.514+1.458-1612A 16:35:09.747 -45:23:44.29 0.25 0.15 14.2 13.4 14.7 0.83 1.41 -5.3 ES-RMS N
G338.519+0.072-1612A 16:41:06.159 -46:19:06.32 1.73 3.24 -144.5 -146.1 -143.9 0.33 0.53 -0.2 ES-SEV S97
G338.519+0.072-1612B 16:41:06.158 -46:19:06.37 1.45 1.39 -143.0 -143.4 -142.1 0.32 0.52 -0.2 ES-SEV S97
G338.519+0.072-1612C 16:41:06.177 -46:19:06.83 0.57 0.75 -141.4 -141.6 -138.9 0.41 0.61 -0.2 ES-SEV S97
G338.519+0.072-1612D 16:41:06.168 -46:19:06.34 3.33 5.54 -114.6 -122.1 -113.9 0.33 0.51 -0.2 ES-SEV S97
G338.567+0.110-1665A 16:41:06.948 -46:15:27.90 0.28 0.10 -76.6 -76.7 -76.2 0.66 1.08 -0.2 SF-MMB N
G338.567+0.110-1665B 16:41:07.023 -46:15:27.88 1.15 0.68 -75.0 -75.6 -74.6 0.32 0.51 -0.2 SF-MMB N
G338.567+0.110-1667A 16:41:07.012 -46:15:27.39 0.86 0.41 -74.6 -74.9 -74.0 0.43 0.70 -0.2 SF-MMB N
G338.660+1.290-1612A 16:36:25.708 -45:24:03.96 0.24 2.12 -114.5 -128.4 -106.1 0.36 0.61 -0.2 ES-RMS N
G338.660+1.290-1612B 16:36:25.729 -45:24:04.53 0.24 1.82 -89.4 -95.2 -73.4 0.44 0.83 -0.2 ES-RMS N
G338.660+1.290-1665A 16:36:25.725 -45:24:04.09 0.34 2.19 -109.5 -117.7 -104.1 0.26 0.42 -4.9 ES-RMS N
G338.660+1.290-1665B 16:36:25.745 -45:24:03.90 0.37 3.30 -92.5 -101.0 -81.7 0.26 0.41 -4.9 ES-RMS N
G338.681−0.084-1665A 16:42:23.973 -46:17:59.70 8.20 5.11 -21.6 -22.4 -21.1 0.31 0.49 -0.2 SF-HOP C98
G338.681−0.084-1665B 16:42:23.971 -46:17:59.89 6.61 4.62 -19.9 -20.6 -18.9 0.30 0.48 -0.2 SF-HOP C98
G338.681−0.084-1665C 16:42:24.002 -46:18:00.44 0.45 0.13 -16.9 -17.1 -16.7 0.71 1.12 -0.2 SF-HOP C98
G338.681−0.084-1665D 16:42:23.983 -46:17:59.71 0.41 0.22 -14.9 -15.4 -14.5 0.55 0.88 -0.2 SF-HOP C98
G338.699+1.346-1612A 16:36:20.545 -45:20:07.38 0.45 0.40 4.4 3.8 5.6 0.42 0.69 0.6 ES-VIS N
G338.698+1.346-1612B 16:36:20.508 -45:20:08.22 0.28 0.40 32.0 30.5 34.2 0.43 0.70 0.6 ES-VIS N
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TABLE 1 — Continued
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G338.713−1.574-1612A 16:49:07.868 -47:14:41.07 0.66 1.13 -72.4 -73.6 -70.5 0.38 0.60 -4.4 ES-SEV S97
G338.713−1.574-1612B 16:49:07.846 -47:14:41.32 0.54 1.03 -46.2 -49.1 -44.6 0.42 0.66 -4.4 ES-SEV S97
G338.829+0.162-1612A 16:41:53.693 -46:01:36.58 0.83 2.82 -34.9 -36.3 -28.6 0.43 0.70 -0.2 ES-VIS N
G338.829+0.162-1612B 16:41:53.709 -46:01:36.67 0.55 1.29 12.9 10.1 15.0 0.37 0.60 -0.2 ES-VIS N
G338.874−0.821-1612A 16:46:22.274 -46:38:09.93 0.31 0.39 -120.1 -120.5 -118.3 1.37 4.50 -1.2 ES-VIS N
G338.874−0.822-1612B 16:46:22.354 -46:38:11.27 0.41 0.29 -92.2 -92.8 -91.5 0.54 0.86 -1.2 ES-VIS N
G338.875−0.084-1665A 16:43:08.236 -46:09:13.53 0.39 0.23 -41.9 -42.2 -41.3 0.55 0.87 -0.2 SF-MMB C98
G338.875−0.084-1665B 16:43:08.239 -46:09:13.74 0.62 0.31 -39.4 -40.0 -39.1 0.47 0.83 -0.2 SF-MMB C98
G338.875−0.084-1665C 16:43:08.241 -46:09:13.20 1.15 0.69 -38.2 -38.6 -37.8 0.34 0.55 -0.2 SF-MMB C98
G338.875−0.084-1665D 16:43:08.237 -46:09:13.06 1.49 0.59 -37.2 -37.3 -36.9 0.27 0.43 -0.2 SF-MMB C98
G338.875−0.084-1665E 16:43:08.229 -46:09:13.18 1.90 2.03 -36.3 -36.4 -34.7 0.23 0.37 -0.2 SF-MMB C98
G338.875−0.084-1665F 16:43:08.232 -46:09:13.46 1.82 1.05 -33.8 -34.3 -33.4 0.25 0.40 -0.2 SF-MMB C98
G338.875−0.084-1667A 16:43:08.233 -46:09:13.32 0.61 0.91 -37.8 -39.3 -35.8 0.38 0.62 -0.2 SF-MMB C98
G338.875−0.084-1667B 16:43:08.220 -46:09:13.15 1.13 0.76 -33.6 -34.9 -33.2 0.36 0.58 -0.2 SF-MMB C98
G338.902+0.015-1612A 16:42:48.704 -46:04:06.75 0.33 0.56 -80.8 -82.6 -78.0 0.46 0.74 -0.2 U N
G338.972−0.734-1612A 16:46:21.375 -46:30:19.49 1.12 1.62 -143.0 -144.6 -140.5 0.25 0.39 -1.2 ES-SEV S97
G338.972−0.734-1612B 16:46:21.343 -46:30:19.49 1.29 2.60 -115.6 -121.0 -114.6 0.22 0.36 -1.2 ES-SEV S97
G339.053−0.315-1665A 16:44:48.948 -46:10:13.59 0.38 0.24 -120.4 -121.0 -120.1 0.58 0.96 -5.7 SF-MMB C98
G339.053−0.315-1665B 16:44:48.962 -46:10:13.23 0.34 0.28 -110.5 -110.8 -109.5 0.45 0.76 -5.7 SF-MMB C98
G339.053−0.315-1667A 16:44:48.971 -46:10:14.24 0.48 0.25 -121.1 -121.5 -120.6 0.31 0.53 -5.5 SF-MMB C98
G339.092+0.244-1612A 16:42:32.071 -45:46:29.68 1.60 2.82 -22.4 -23.9 -19.9 0.23 0.36 1.6 ES-VIS N
G339.092+0.244-1612B 16:42:32.066 -45:46:29.37 0.41 0.82 -18.7 -19.4 -15.3 0.34 0.54 1.6 ES-VIS N
G339.092+0.244-1612C 16:42:32.090 -45:46:29.50 0.29 0.47 5.5 3.3 6.9 0.56 0.90 1.6 ES-VIS N
G339.092+0.244-1612D 16:42:32.055 -45:46:29.60 0.38 0.59 8.4 7.4 10.6 0.59 0.93 1.6 ES-VIS N
G339.156+0.786-1612A 16:40:27.070 -45:22:05.75 0.43 0.48 -116.4 -117.3 -115.5 0.48 0.69 -16.7 ES-VIS N
G339.156+0.786-1612B 16:40:27.080 -45:22:05.54 0.37 0.38 -84.3 -86.0 -83.7 0.50 0.71 -16.7 ES-VIS N
G339.282+0.136-1665A 16:43:43.080 -45:42:08.71 0.54 1.22 -71.7 -73.3 -68.9 0.24 0.37 1.6 SF-MMB C98
G339.284+2.051-1612A 16:35:37.311 -44:25:38.47 2.63 3.00 61.2 59.4 63.0 0.13 0.19 -13.6 ES-SEV S97
G339.284+2.051-1612B 16:35:37.321 -44:25:38.54 1.92 2.72 83.7 80.3 84.8 0.18 0.28 -13.6 ES-SEV S97
G339.294+0.139-1667A 16:43:44.937 -45:41:28.54 0.99 0.57 -73.3 -73.9 -72.6 0.31 0.48 1.1 SF-MMB N
G339.369−0.918-1612A 16:48:39.519 -46:19:13.88 0.35 0.64 -83.7 -85.3 -81.7 0.44 0.65 -14.7 ES-VIS N
G339.369−0.918-1612B 16:48:39.484 -46:19:13.88 0.42 0.45 -59.7 -61.2 -59.0 0.55 0.94 -14.7 ES-VIS N
G339.380+0.593-1612A 16:42:07.068 -45:19:42.56 0.30 0.79 -58.6 -60.6 -56.1 0.42 0.65 -12.3 ES-VIS N
G339.380+0.593-1612B 16:42:07.047 -45:19:42.38 0.35 1.09 -28.2 -32.5 -27.1 0.27 0.41 -12.3 ES-VIS N
G339.493−0.799-1612A 16:48:35.626 -46:08:55.21 0.41 0.38 -129.4 -130.2 -128.4 0.37 0.54 -14.7 ES-VIS N
G339.494−0.799-1612B 16:48:35.647 -46:08:54.76 0.36 0.40 -99.8 -101.6 -98.9 0.47 0.74 -14.7 ES-VIS N
G339.559+0.237-1612A 16:44:19.018 -45:25:37.61 0.64 1.35 -186.6 -187.4 -184.3 0.32 0.48 -13.9 ES-VIS N
G339.559+0.237-1612B 16:44:19.029 -45:25:38.42 0.32 0.71 -162.4 -165.2 -161.1 0.51 0.77 -13.9 ES-VIS N
G339.587+1.638-1612A 16:38:28.619 -44:28:48.89 0.17 0.19 -81.8 -82.9 -81.1 0.66 1.03 -9.4 ES-VIS N
G339.587+1.638-1612B 16:38:28.661 -44:28:49.60 0.27 0.14 -67.4 -68.8 -67.0 0.89 1.40 -9.4 ES-VIS N
G339.871−0.670-1612A 16:49:25.339 -45:46:35.12 0.30 0.31 -129.8 -130.6 -128.8 0.39 0.61 -7.8 U N
G339.949−0.539-1665A 16:49:07.978 -45:37:58.50 0.81 0.70 -98.0 -98.8 -97.0 0.37 0.61 -7.2 SF-MMB N
G339.949−0.539-1665B 16:49:07.957 -45:37:58.92 1.05 0.63 -95.8 -96.6 -95.3 0.31 0.49 -7.2 SF-MMB N
G339.949−0.539-1667A 16:49:08.010 -45:37:58.30 0.42 0.24 -99.8 -100.2 -99.4 0.53 0.68 -7.4 SF-MMB N
G339.949−0.539-1667B 16:49:07.965 -45:37:58.75 0.26 0.13 -96.9 -97.6 -96.7 0.66 1.05 -7.4 SF-MMB N
G339.949−0.539-1667C 16:49:07.976 -45:37:58.36 0.51 0.28 -96.1 -96.3 -95.4 0.45 0.71 -7.4 SF-MMB N
G339.974−0.192-1612A 16:47:42.749 -45:23:25.61 1.57 2.72 -43.9 -45.1 -40.1 0.27 0.42 -4.7 ES-SEV S97
G339.974−0.192-1612B 16:47:42.755 -45:23:25.53 2.49 3.47 -7.0 -12.9 -6.1 0.34 0.53 -4.7 ES-SEV S97
G339.986−0.425-1612A 16:48:46.334 -45:31:51.34 0.40 0.32 -89.7 -90.5 -89.2 0.41 0.67 -4.7 SF-MMB N
G339.986−0.425-1665A 16:48:46.261 -45:31:51.29 0.71 0.66 -97.1 -99.1 -96.4 0.31 0.50 -4.7 SF-MMB N
G339.986−0.425-1665B 16:48:46.308 -45:31:50.62 0.84 0.70 -92.4 -93.4 -91.6 0.36 0.56 -4.7 SF-MMB N
G339.986−0.425-1665C 16:48:46.321 -45:31:50.85 4.63 3.30 -90.0 -91.2 -89.4 0.26 0.41 -4.7 SF-MMB N
G339.986−0.425-1665D 16:48:46.315 -45:31:50.83 1.16 1.27 -88.5 -89.0 -87.2 0.29 0.46 -4.7 SF-MMB N
G339.986−0.425-1667A 16:48:46.351 -45:31:50.70 0.26 0.33 -91.1 -92.6 -90.4 0.66 1.04 -4.7 SF-MMB N
G339.986−0.425-1667B 16:48:46.305 -45:31:50.71 0.49 0.49 -88.6 -90.0 -87.8 0.34 0.53 -4.7 SF-MMB N
G339.987−0.425-1667C 16:48:46.335 -45:31:50.66 0.42 0.14 -87.0 -87.4 -86.9 0.51 0.80 -4.7 SF-MMB N
G339.986−0.425-1667D 16:48:46.343 -45:31:50.39 0.73 0.52 -82.2 -83.0 -81.7 0.24 0.38 -4.7 SF-MMB N
G339.986−0.425-1667E 16:48:46.344 -45:31:50.62 0.20 0.17 -79.8 -80.8 -79.5 0.53 0.84 -4.7 SF-MMB N
G340.001−0.506-1612A 16:49:10.967 -45:34:19.82 1.31 3.93 -79.3 -82.5 -77.5 0.37 0.70 -7.8 ES-JON S97
G340.001−0.506-1612B 16:49:10.967 -45:34:19.71 1.02 6.28 -76.4 -77.0 -50.7 0.23 0.37 -7.8 ES-JON S97
G340.001−0.506-1612C 16:49:10.970 -45:34:19.81 2.54 6.15 -40.0 -50.3 -38.9 0.23 0.36 -7.8 ES-JON S97
G340.001−0.506-1612D 16:49:10.965 -45:34:19.84 2.34 5.80 -37.1 -38.4 -35.3 0.37 0.70 -7.8 ES-JON S97
G340.001−0.506-1612E 16:49:10.965 -45:34:19.97 1.40 1.50 -34.3 -34.8 -32.6 0.29 0.45 -7.8 ES-JON S97
G340.043−0.092-1667A 16:47:31.796 -45:16:22.65 0.46 0.48 -10.5 -11.4 -9.2 0.39 0.62 -4.7 ES-SEV S97
G340.054−0.244-1665A 16:48:13.869 -45:21:44.74 1.10 1.56 -57.9 -59.1 -56.4 0.47 0.75 -4.7 SF-MMB C98
G340.054−0.244-1665B 16:48:13.891 -45:21:44.69 64.42 50.36 -53.6 -56.0 -52.5 0.06 0.09 -4.7 SF-MMB C98
G340.054−0.244-1665C 16:48:13.863 -45:21:45.43 9.91 13.04 -51.3 -52.0 -49.9 0.08 0.13 -4.7 SF-MMB C98
G340.054−0.244-1665D 16:48:13.884 -45:21:45.30 6.31 6.08 -48.4 -49.4 -46.8 0.13 0.21 -4.7 SF-MMB C98
G340.054−0.244-1667A 16:48:13.878 -45:21:45.30 1.38 1.99 -69.7 -71.5 -69.4 0.31 0.49 -4.7 SF-MMB C98
G340.054−0.244-1667B 16:48:13.874 -45:21:45.33 1.10 1.51 -68.6 -68.9 -66.7 0.36 0.58 -4.7 SF-MMB C98
G340.054−0.244-1667C 16:48:13.884 -45:21:44.98 0.74 1.44 -58.0 -61.0 -57.5 0.55 0.91 -4.7 SF-MMB C98
G340.054−0.244-1667D 16:48:13.842 -45:21:44.51 3.77 4.92 -56.1 -57.1 -55.3 0.11 0.18 -4.7 SF-MMB C98
G340.054−0.244-1667E 16:48:13.852 -45:21:44.92 4.17 2.48 -54.3 -54.9 -54.0 0.11 0.18 -4.7 SF-MMB C98
G340.054−0.244-1667F 16:48:13.849 -45:21:45.60 3.87 1.61 -53.3 -53.5 -53.1 0.13 0.20 -4.7 SF-MMB C98
G340.054−0.244-1667G 16:48:13.800 -45:21:45.67 4.21 2.50 -52.5 -52.7 -51.8 0.15 0.24 -4.7 SF-MMB C98
G340.054−0.244-1667H 16:48:13.865 -45:21:45.38 3.22 2.28 -50.9 -51.4 -50.0 0.20 0.33 -4.7 SF-MMB C98
G340.054−0.244-1667I 16:48:13.871 -45:21:45.36 4.33 5.59 -48.9 -49.6 -45.2 0.16 0.26 -4.7 SF-MMB C98
G340.054−0.244-1667J 16:48:13.998 -45:21:44.24 0.30 0.25 -43.9 -44.8 -43.5 1.44 2.63 -4.7 SF-MMB C98
G340.091+1.485-1612A 16:40:59.420 -44:12:19.51 0.23 0.20 -34.6 -35.8 -34.4 0.78 1.26 -9.5 U N
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TABLE 1 — Continued
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G340.144−0.430-1612A 16:49:22.391 -45:24:46.61 2.19 3.21 -101.8 -102.8 -96.9 0.29 0.46 -4.7 ES-SEV S97
G340.144−0.430-1612B 16:49:22.379 -45:24:46.64 1.76 2.88 -71.9 -75.5 -71.0 0.34 0.54 -4.7 ES-SEV S97
G340.246−0.048-1612A 16:48:04.860 -45:05:22.79 0.82 0.57 -122.0 -122.6 -121.3 0.92 1.48 -4.7 U N
G340.264−1.324-1612A 16:53:45.207 -45:53:23.06 0.29 0.56 31.6 29.4 33.0 0.36 0.59 -3.6 ES-RMS N
G340.264−1.323-1612B 16:53:45.175 -45:53:22.55 0.38 0.54 58.9 56.6 59.8 0.58 0.96 -3.6 ES-RMS N
G340.267+0.825-1612A 16:44:25.258 -44:30:23.78 0.37 0.51 -81.2 -82.8 -80.5 0.34 0.56 -3.0 ES-GRE N
G340.267+0.825-1612B 16:44:25.294 -44:30:23.88 0.25 0.30 -65.9 -67.4 -65.1 0.59 0.99 -3.0 ES-GRE N
G340.299+0.115-1612A 16:47:34.271 -44:56:38.93 0.38 0.43 -88.5 -89.5 -87.7 0.48 0.78 -4.6 ES-VIS N
G340.299+0.115-1612B 16:47:34.298 -44:56:38.94 0.22 0.30 -51.4 -52.3 -50.0 0.41 0.66 -4.6 ES-VIS N
G340.361+1.171-1612A 16:43:18.026 -44:12:30.71 0.68 1.02 -183.4 -183.9 -179.9 0.36 0.58 0.3 ES-RMS N
G340.361+1.171-1612B 16:43:18.039 -44:12:30.80 1.29 1.51 -154.1 -156.2 -153.1 0.21 0.33 0.3 ES-RMS N
G340.421−0.022-1612A 16:48:36.730 -44:56:19.86 6.89 15.85 -168.0 -168.9 -161.2 0.10 0.16 -4.0 ES-RMS S97
G340.421−0.022-1612B 16:48:36.745 -44:56:19.47 0.43 0.57 -160.2 -160.8 -158.5 0.44 0.70 -4.0 ES-RMS S97
G340.421−0.022-1612C 16:48:36.771 -44:56:19.74 0.31 0.41 -157.6 -158.0 -155.8 0.41 0.66 -4.0 ES-RMS S97
G340.421−0.022-1612D 16:48:36.728 -44:56:19.87 5.28 14.90 -134.8 -142.6 -132.2 0.09 0.15 -4.0 ES-RMS S97
G340.421−0.022-1667A 16:48:36.699 -44:56:20.44 0.44 0.23 -168.9 -169.3 -168.5 0.55 0.89 -0.1 ES-RMS S97
G340.421−0.022-1667B 16:48:36.749 -44:56:19.93 0.41 0.63 -166.7 -168.0 -165.4 0.38 0.62 -0.1 ES-RMS S97
G340.422−0.022-1667C 16:48:36.763 -44:56:19.51 0.29 0.46 -135.1 -137.7 -134.2 0.49 0.77 -0.1 ES-RMS S97
G340.505+0.316-1612A 16:47:27.669 -44:39:24.19 0.60 0.85 -121.6 -122.2 -119.5 0.34 0.56 -0.9 ES-RMS S97
G340.505+0.316-1612B 16:47:27.703 -44:39:24.55 0.42 0.59 -89.3 -92.2 -89.1 0.25 0.40 -0.9 ES-RMS S97
G340.539+0.766-1612A 16:45:39.747 -44:20:20.46 0.30 0.48 -47.8 -49.2 -46.1 0.51 0.85 0.8 ES-RMS N
G340.539+0.766-1612B 16:45:39.750 -44:20:20.08 1.71 2.57 -14.0 -17.0 -12.9 0.20 0.32 0.8 ES-RMS N
G340.539+0.766-1667A 16:45:39.744 -44:20:20.36 0.29 0.32 -48.9 -49.6 -47.0 0.68 1.14 1.2 ES-RMS N
G340.747+1.442-1612A 16:43:34.227 -43:44:25.46 0.73 0.65 -21.3 -22.2 -19.9 0.34 0.58 -5.3 ES-VIS N
G340.747+1.442-1612B 16:43:34.296 -43:44:24.91 0.26 0.21 7.0 6.4 7.8 0.56 0.96 -5.3 ES-VIS N
G340.769−1.791-1612A 16:57:39.603 -45:47:21.62 0.29 0.26 21.9 20.9 22.7 0.57 0.79 -18.5 ES-VIS N
G340.769−1.791-1612B 16:57:39.637 -45:47:21.53 0.34 0.25 46.7 45.4 47.2 0.37 0.52 -18.5 ES-VIS N
G340.785−0.096-1665A 16:50:14.822 -44:42:26.37 0.69 0.51 -108.6 -109.1 -107.4 0.42 0.64 -13.8 SF-MMB C98
G340.785−0.096-1665B 16:50:14.804 -44:42:26.52 0.71 0.41 -106.6 -106.9 -106.1 0.36 0.55 -13.8 SF-MMB C98
G340.785−0.096-1665C 16:50:14.775 -44:42:26.16 0.62 0.33 -105.3 -105.6 -104.7 0.40 0.60 -13.8 SF-MMB C98
G340.785−0.096-1665D 16:50:14.800 -44:42:25.97 4.26 2.58 -103.5 -104.3 -103.4 0.36 0.55 -13.8 SF-MMB C98
G340.785−0.096-1665E 16:50:14.807 -44:42:26.38 3.90 2.61 -102.5 -103.0 -102.1 0.30 0.46 -13.8 SF-MMB C98
G340.785−0.096-1665F 16:50:14.802 -44:42:26.45 7.01 5.40 -101.6 -101.7 -98.6 0.32 0.48 -13.8 SF-MMB C98
G340.785−0.096-1665G 16:50:14.806 -44:42:26.43 0.72 0.67 -89.6 -91.1 -88.5 0.45 0.67 -13.8 SF-MMB C98
G340.785−0.096-1667A 16:50:14.810 -44:42:26.52 0.25 0.20 -104.2 -104.9 -103.5 0.37 0.57 -13.8 SF-MMB C98
G340.785−0.096-1667B 16:50:14.809 -44:42:26.57 3.32 4.59 -102.0 -103.1 -99.2 0.36 0.55 -13.8 SF-MMB C98
G340.785−0.096-1667C 16:50:14.799 -44:42:26.32 0.70 0.66 -92.1 -92.6 -91.3 0.37 0.56 -13.8 SF-MMB C98
G340.785−0.096-1667D 16:50:14.792 -44:42:25.84 0.43 0.25 -90.8 -90.8 -89.5 0.45 0.70 -13.8 SF-MMB C98
G340.785−0.096-1720A 16:50:14.795 -44:42:25.88 0.46 0.61 -105.5 -106.7 -103.7 0.40 0.60 -14.9 SF-MMB C98
G340.785−0.096-1720B 16:50:14.912 -44:42:26.97 0.26 0.19 -100.3 -100.7 -99.5 0.63 0.94 -14.9 SF-MMB C98
G340.809−0.001-1612A 16:49:55.349 -44:37:42.11 2.55 2.71 -144.4 -145.4 -141.3 0.20 0.31 -13.8 ES-SEV S97
G340.809−0.001-1612B 16:49:55.349 -44:37:42.13 1.90 2.58 -115.7 -119.5 -115.0 0.27 0.41 -13.8 ES-SEV S97
G340.847+0.144-1612A 16:49:26.221 -44:30:21.22 1.15 2.25 -86.7 -87.7 -81.9 0.33 0.50 -13.8 ES-SEV S97
G340.847+0.144-1612B 16:49:26.224 -44:30:21.20 0.60 1.11 -61.2 -64.6 -60.1 0.46 0.70 -13.8 ES-SEV S97
G340.898−2.039-1612A 16:59:14.333 -45:50:31.45 0.82 0.94 -51.6 -52.7 -50.5 0.34 0.50 -14.6 ES-SEV S97
G340.898−2.039-1612B 16:59:14.380 -45:50:31.54 0.53 0.86 -23.3 -25.0 -21.9 0.38 0.57 -14.6 ES-SEV S97
G340.987+0.831-1612A 16:47:00.487 -43:57:20.86 1.02 0.94 -59.9 -60.6 -59.3 0.33 0.56 -8.2 ES-SEV S97
G340.987+0.831-1612B 16:47:00.486 -43:57:21.18 0.67 0.87 -58.7 -58.8 -55.7 0.34 0.55 -8.2 ES-SEV S97
G340.987+0.831-1612C 16:47:00.507 -43:57:20.92 0.54 1.39 -41.9 -44.7 -39.3 0.29 0.47 -8.2 ES-SEV S97
G340.998−0.093-1612A 16:50:59.912 -44:32:28.27 0.40 0.91 -82.3 -84.2 -79.2 0.37 0.59 -11.5 ES-SEV S97
G340.998−0.092-1612B 16:50:59.884 -44:32:27.41 0.30 0.52 -41.5 -43.3 -39.7 0.32 0.49 -11.5 ES-SEV S97
G341.046−2.206-1612A 17:00:30.707 -45:49:44.09 0.89 1.30 -132.5 -133.6 -130.4 0.39 0.60 -14.6 ES-RMS S97
G341.046−2.206-1612B 17:00:30.722 -45:49:44.11 1.39 1.41 -111.1 -114.0 -110.4 0.29 0.43 -14.6 ES-RMS S97
G341.083−1.084-1665A 16:55:37.821 -45:06:11.74 0.32 0.28 3.4 2.0 4.2 0.31 0.47 -9.1 ES-MCD N
G341.083−1.084-1665B 16:55:37.853 -45:06:11.32 1.46 2.11 5.5 4.7 8.6 0.20 0.31 -9.1 ES-MCD N
G341.083−1.084-1667A 16:55:37.871 -45:06:11.41 0.80 1.44 2.3 0.9 4.0 0.32 0.50 -9.5 ES-MCD N
G341.083−1.084-1667B 16:55:37.854 -45:06:11.20 1.47 3.41 6.8 4.4 9.7 0.22 0.34 -9.5 ES-MCD N
G341.102−1.910-1612A 16:59:22.628 -45:36:08.78 1.72 1.46 -63.7 -65.8 -63.6 0.21 0.32 -10.3 ES-SEV S97
G341.102−1.910-1612B 16:59:22.631 -45:36:08.75 1.63 2.09 -62.8 -63.1 -59.5 0.28 0.42 -10.3 ES-SEV S97
G341.102−1.910-1612C 16:59:22.593 -45:36:07.78 0.28 0.15 -39.2 -39.5 -38.6 0.50 0.76 -10.3 ES-SEV S97
G341.102−1.910-1612D 16:59:22.623 -45:36:08.69 0.96 1.71 -31.3 -35.0 -29.5 0.29 0.45 -10.3 ES-SEV S97
G341.102−1.910-1665A 16:59:22.598 -45:36:08.44 0.29 0.17 -39.0 -40.0 -38.7 0.57 0.93 -7.6 ES-SEV S97
G341.102−1.910-1665B 16:59:22.624 -45:36:08.64 0.51 0.73 -36.8 -38.3 -36.1 0.41 0.67 -7.6 ES-SEV S97
G341.102−1.910-1665C 16:59:22.613 -45:36:08.92 0.38 0.46 -34.7 -35.6 -33.9 0.36 0.60 -7.6 ES-SEV S97
G341.102−1.910-1667A 16:59:22.595 -45:36:08.62 0.48 0.51 -37.2 -38.9 -36.7 0.33 0.53 -7.1 ES-SEV S97
G341.102−1.910-1667B 16:59:22.622 -45:36:08.68 0.55 1.23 -35.4 -36.3 -31.9 0.30 0.47 -7.1 ES-SEV S97
G341.117−0.002-1612A 16:51:02.039 -44:23:29.66 1.83 3.31 -61.3 -62.4 -56.0 0.19 0.29 -11.5 ES-SEV S97
G341.117−0.002-1612B 16:51:02.041 -44:23:29.47 1.67 4.33 -25.0 -31.0 -23.8 0.25 0.40 -11.5 ES-SEV S97
G341.218−0.212-1665A 16:52:17.850 -44:26:52.90 0.66 0.22 -41.8 -42.0 -41.6 0.34 0.53 -5.8 SF-MMB C98
G341.218−0.212-1665B 16:52:17.856 -44:26:52.52 1.49 1.34 -40.1 -41.1 -39.8 0.32 0.50 -5.8 SF-MMB C98
G341.218−0.212-1665C 16:52:17.842 -44:26:52.06 0.49 0.32 -39.1 -39.3 -38.5 0.35 0.56 -5.8 SF-MMB C98
G341.218−0.212-1665D 16:52:17.849 -44:26:52.48 3.81 3.40 -37.3 -38.0 -35.4 0.27 0.43 -5.8 SF-MMB C98
G341.217−0.212-1667A 16:52:17.833 -44:26:53.07 0.52 0.25 -41.7 -42.2 -41.3 0.48 0.76 -5.8 SF-MMB C98
G341.218−0.212-1667B 16:52:17.847 -44:26:52.21 0.72 0.50 -40.0 -40.9 -39.6 0.38 0.60 -5.8 SF-MMB C98
G341.218−0.212-1667C 16:52:17.868 -44:26:52.85 0.70 0.96 -37.8 -39.1 -36.5 0.36 0.57 -5.8 SF-MMB C98
G341.275−0.720-1612A 16:54:42.705 -44:43:26.90 1.76 1.93 11.6 10.5 14.5 0.29 0.51 -1.2 ES-RMS S97
G341.275−0.719-1612B 16:54:42.700 -44:43:26.63 1.04 1.09 28.5 26.4 29.1 0.35 0.62 -1.2 ES-RMS S97
G341.276+0.062-1665A 16:51:19.426 -44:13:44.31 0.30 0.19 -74.0 -74.6 -73.8 0.77 1.18 -11.5 SF-MMB C98
G341.276+0.062-1665B 16:51:19.441 -44:13:44.21 1.58 1.10 -72.8 -73.3 -71.8 0.33 0.52 -11.5 SF-MMB C98
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TABLE 1 — Continued
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G341.285+0.118-1612A 16:51:06.780 -44:11:09.77 4.08 6.02 -32.2 -32.9 -29.3 0.29 0.45 -11.5 ES-SEV S97
G341.285+0.118-1612B 16:51:06.776 -44:11:10.33 0.61 1.17 -27.7 -28.8 -24.7 0.55 0.86 -11.5 ES-SEV S97
G341.285+0.118-1612C 16:51:06.782 -44:11:09.74 3.64 6.96 -3.4 -9.7 -2.5 0.28 0.43 -11.5 ES-SEV S97
G341.319+0.821-1612A 16:48:14.294 -43:42:33.88 0.19 0.25 -102.7 -103.3 -101.1 0.67 1.13 -5.9 ES-VIS N
G341.319+0.821-1612B 16:48:14.300 -43:42:33.40 0.26 0.20 -80.6 -81.1 -79.8 0.48 0.78 -5.9 ES-VIS N
G341.427−0.332-1612A 16:53:33.678 -44:21:45.38 0.44 0.91 -44.0 -47.9 -42.9 0.37 0.61 -5.8 ES-VIS N
G341.427−0.332-1612B 16:53:33.715 -44:21:44.91 0.44 0.75 -11.3 -13.4 -10.2 0.33 0.52 -5.8 ES-VIS N
G341.506−0.115-1612A 16:52:54.184 -44:09:48.40 0.30 0.49 -66.1 -67.9 -65.2 0.44 0.70 -5.8 ES-VIS N
G341.506−0.115-1612B 16:52:54.150 -44:09:47.25 0.28 0.48 -32.9 -33.8 -30.7 0.83 1.40 -5.8 ES-VIS N
G341.655−1.053-1612A 16:57:30.590 -44:38:12.39 0.55 0.59 -180.3 -181.3 -179.0 0.42 0.76 -0.7 ES-VIS N
G341.655−1.053-1612B 16:57:30.653 -44:38:11.10 0.37 0.30 -153.4 -154.0 -152.7 0.46 0.82 -0.7 ES-VIS N
G341.681+0.264-1612A 16:51:53.641 -43:47:16.47 0.45 2.16 54.0 47.2 58.1 0.34 0.57 1.9 U N
G341.850+0.215-1612A 16:52:41.547 -43:41:17.84 0.53 0.88 -83.0 -84.1 -80.5 0.35 0.56 -2.0 ES-VIS N
G341.850+0.215-1612B 16:52:41.562 -43:41:18.16 0.29 0.46 -79.1 -80.0 -76.9 0.32 0.51 -2.0 ES-VIS N
G341.850+0.215-1612C 16:52:41.554 -43:41:18.03 0.65 1.82 -43.9 -49.6 -42.4 0.37 0.62 -2.0 ES-VIS N
G341.938+0.773-1612A 16:50:37.781 -43:15:54.15 0.80 1.08 -173.8 -174.6 -171.9 0.37 0.59 2.1 ES-RMS S97
G341.938+0.773-1612B 16:50:37.791 -43:15:54.22 0.68 1.06 -147.9 -150.1 -147.0 0.30 0.52 2.1 ES-RMS S97
G341.993+1.402-1612A 16:48:10.907 -42:49:09.52 0.53 0.99 -88.0 -89.5 -85.9 0.35 0.63 -2.4 ES-SEV S97
G341.993+1.402-1612B 16:48:10.903 -42:49:10.34 0.30 0.19 -85.2 -85.4 -84.1 0.48 0.83 -2.4 ES-SEV S97
G341.993+1.402-1612C 16:48:10.908 -42:49:09.60 1.14 2.73 -48.1 -51.8 -47.3 0.26 0.47 -2.4 ES-SEV S97
G342.004+0.251-1612A 16:53:04.885 -43:32:47.07 1.59 3.70 -52.0 -53.7 -47.8 0.28 0.45 -2.0 ES-HOP S97
G342.004+0.251-1612B 16:53:04.891 -43:32:47.06 0.68 1.45 -40.6 -42.8 -37.8 0.40 0.63 -2.0 ES-HOP S97
G342.004+0.251-1612C 16:53:04.876 -43:32:47.43 0.47 0.29 -33.6 -34.2 -32.8 0.31 0.49 -2.0 ES-HOP S97
G342.062−0.221-1612A 16:55:18.552 -43:47:55.39 0.67 0.58 -99.3 -99.8 -98.4 0.92 0.60 -82.9 ES-VIS N
G342.062−0.221-1612B 16:55:18.602 -43:47:55.29 0.39 0.48 -71.9 -73.4 -71.2 1.04 0.65 -82.9 ES-VIS N
G342.077−0.264-1612A 16:55:32.799 -43:48:53.29 0.51 0.66 -120.3 -121.6 -119.3 0.81 0.56 -82.4 ES-VIS N
G342.076−0.264-1612B 16:55:32.766 -43:48:54.35 0.25 0.23 -87.2 -88.0 -86.2 0.76 0.53 -82.4 ES-VIS N
G342.094+0.978-1612A 16:50:18.946 -43:00:51.12 1.88 3.38 -69.3 -70.2 -66.2 0.32 0.38 26.7 ES-SEV S97
G342.094+0.978-1612B 16:50:18.941 -43:00:51.10 0.45 1.19 -39.7 -43.4 -38.9 0.65 0.78 26.7 ES-SEV S97
G342.094+0.978-1612C 16:50:18.947 -43:00:51.29 1.53 2.57 -35.9 -38.4 -34.4 0.44 0.52 26.7 ES-SEV S97
G342.183+0.351-1612A 16:53:16.744 -43:20:39.32 0.34 0.19 -121.6 -122.2 -121.3 0.91 1.07 29.5 ES-SEV S97
G342.183+0.351-1612B 16:53:16.690 -43:20:38.78 0.27 0.16 -120.3 -120.9 -120.0 0.53 0.65 29.5 ES-SEV S97
G342.183+0.351-1612C 16:53:16.727 -43:20:39.62 0.44 0.35 -94.8 -95.4 -94.1 0.53 0.64 29.5 ES-SEV S97
G342.183+0.351-1612D 16:53:16.753 -43:20:39.41 0.57 0.39 -93.1 -93.6 -92.7 0.47 0.57 29.5 ES-SEV S97
G342.222+0.041-1612A 16:54:44.146 -43:30:35.05 0.22 0.33 -52.5 -53.9 -51.7 1.14 0.75 -82.9 U N
G342.231−0.206-1612A 16:55:49.861 -43:39:31.12 0.24 0.17 -95.6 -95.7 -94.3 0.81 0.52 -82.9 ES-VIS N
G342.230−0.206-1612B 16:55:49.767 -43:39:32.22 0.32 0.28 -61.9 -62.5 -60.7 1.14 0.75 -82.9 ES-VIS N
G342.231−1.535-1612A 17:01:38.078 -44:28:55.62 0.29 0.37 -128.0 -128.9 -126.7 0.54 0.67 21.1 ES-SEV S97
G342.231−1.535-1612B 17:01:38.079 -44:28:55.06 0.30 0.48 -91.5 -93.0 -90.3 0.41 0.50 21.1 ES-SEV S97
G342.304+1.366-1612A 16:49:25.341 -42:36:17.70 0.46 0.43 54.0 53.4 55.2 1.07 2.25 18.3 ES-VIS N
G342.303+1.366-1612B 16:49:25.310 -42:36:17.65 0.31 0.31 79.6 78.4 80.2 1.22 3.16 18.3 ES-VIS N
G342.369+0.140-1612A 16:54:49.428 -43:20:00.93 0.50 0.22 -9.0 -9.7 -8.9 0.62 1.03 -16.1 SF-MMB N
G342.369+0.140-1612B 16:54:49.477 -43:20:00.02 1.64 1.15 -7.8 -8.4 -7.0 0.38 0.61 -16.1 SF-MMB N
G342.736−1.740-1612A 17:04:16.172 -44:12:24.50 1.40 1.82 -161.5 -162.6 -159.9 0.42 0.77 23.1 ES-SEV S97
G342.737−1.740-1612B 17:04:16.175 -44:12:23.92 0.60 0.58 -146.9 -148.1 -146.3 0.75 1.35 23.1 ES-SEV S97
G342.775−0.088-1612A 16:57:11.744 -43:09:35.98 2.82 2.07 -126.8 -127.9 -126.5 0.36 0.64 23.1 ES-RMS S97
G342.775−0.088-1612B 16:57:11.748 -43:09:36.39 2.02 2.03 -125.8 -126.1 -124.7 0.37 0.68 23.1 ES-RMS S97
G342.775−0.088-1612C 16:57:11.757 -43:09:36.23 0.85 1.23 -123.9 -124.3 -119.3 0.73 1.35 23.1 ES-RMS S97
G342.775−0.088-1612D 16:57:11.776 -43:09:36.11 0.88 3.21 -90.4 -99.3 -90.2 0.85 1.55 23.1 ES-RMS S97
G342.775−0.088-1612E 16:57:11.760 -43:09:35.90 1.57 3.68 -88.5 -89.7 -85.7 0.51 0.93 23.1 ES-RMS S97
G342.775−0.088-1667A 16:57:11.741 -43:09:36.11 1.52 6.86 -127.1 -130.5 -118.6 0.53 0.96 23.1 ES-RMS S97
G342.775−0.088-1667B 16:57:11.753 -43:09:35.97 1.51 6.68 -87.0 -97.6 -84.4 0.55 1.01 23.1 ES-RMS S97
G342.902−0.144-1612A 16:57:52.393 -43:05:42.29 0.67 0.52 -23.2 -23.9 -21.7 0.64 1.20 23.1 U N
G342.964−0.368-1612A 16:59:02.738 -43:11:09.05 0.36 0.72 -83.6 -84.9 -81.7 0.83 1.42 24.3 U N
G343.001+0.910-1612A 16:53:44.113 -42:21:26.15 1.78 3.68 -120.1 -122.9 -118.4 0.61 0.98 27.1 ES-SEV S97
G343.001+0.910-1612B 16:53:44.127 -42:21:26.31 0.64 1.54 -117.1 -117.9 -114.3 0.70 1.14 27.1 ES-SEV S97
G343.001+0.910-1612C 16:53:44.152 -42:21:26.06 0.38 0.74 -112.4 -113.9 -110.2 1.01 1.65 27.1 ES-SEV S97
G343.001+0.910-1612D 16:53:44.097 -42:21:26.45 0.31 0.60 -84.2 -87.1 -83.0 0.80 1.28 27.1 ES-SEV S97
G343.001+0.910-1612E 16:53:44.111 -42:21:26.30 4.17 8.26 -78.4 -82.5 -76.2 0.30 0.49 27.1 ES-SEV S97
G343.119−0.067-1612A 16:58:16.617 -42:52:38.72 24.67 20.45 -27.8 -29.9 -26.7 0.20 0.37 23.4 SF-VIS N
G343.127−0.063-1665A 16:58:17.208 -42:52:08.16 113.80 77.13 -33.8 -36.8 -32.4 0.11 0.20 23.4 SF-HOP C98
G343.127−0.063-1665B 16:58:17.209 -42:52:08.11 40.21 21.80 -31.6 -32.0 -31.3 0.07 0.14 23.4 SF-HOP C98
G343.127−0.063-1665C 16:58:17.212 -42:52:08.00 47.85 28.28 -30.5 -30.8 -28.5 0.10 0.20 23.4 SF-HOP C98
G343.127−0.062-1667A 16:58:17.091 -42:52:06.52 0.59 0.37 -35.8 -36.6 -35.3 0.83 1.49 23.5 SF-HOP C98
G343.127−0.063-1667B 16:58:17.219 -42:52:08.60 1.02 0.72 -32.7 -33.5 -32.2 0.51 0.91 23.5 SF-HOP C98
G343.127−0.063-1667C 16:58:17.186 -42:52:08.26 0.99 0.75 -31.0 -31.8 -29.6 0.68 1.22 23.5 SF-HOP C98
G343.191−0.279-1612A 16:59:25.937 -42:57:06.86 0.54 0.81 -84.0 -84.8 -81.2 0.75 1.35 23.4 U N
G343.339+0.774-1612A 16:55:27.519 -42:10:48.53 0.40 0.31 -130.6 -131.2 -129.9 1.25 2.09 27.1 ES-VIS N
G343.339+0.774-1612B 16:55:27.585 -42:10:48.04 0.34 0.18 -102.7 -103.1 -101.7 1.57 2.78 27.1 ES-VIS N
G343.368+0.244-1612A 16:57:47.564 -42:29:20.44 0.26 0.45 -101.5 -101.9 -99.2 1.50 1.27 -50.2 ES-SEV S97
G343.368+0.244-1612B 16:57:47.544 -42:29:20.61 0.68 1.04 -72.8 -74.2 -71.5 1.02 0.87 -50.2 ES-SEV S97
G343.370−1.350-1612A 17:04:40.638 -43:27:59.88 0.26 0.38 -72.3 -72.8 -70.1 1.01 0.83 -57.3 ES-VIS S97
G343.370−1.350-1612B 17:04:40.584 -43:27:59.49 0.24 0.16 -51.8 -52.3 -51.0 1.30 1.08 -57.3 ES-VIS S97
G343.370−1.350-1612C 17:04:40.660 -43:28:00.54 0.47 0.75 -48.9 -50.5 -47.4 0.69 0.56 -57.3 ES-VIS S97
G343.370−1.350-1612D 17:04:40.667 -43:28:00.13 0.17 0.11 -46.0 -46.4 -45.5 1.34 1.09 -57.3 ES-VIS S97
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TABLE 1 — Continued
Name R.A. Decl. Flux Density Velocity( km s−1) Relative uncertainty Commentsa Ref.b
(J2000) (J2000) Peak Integrated Peak Min. Max. Minor Major Position
(h m s) (◦ ′ ′′) (Jy) (Jy km s−1) axis axis angle
(arcsec) (arcsec) (◦)
G343.370−1.350-1667A 17:04:40.571 -43:27:59.59 0.24 0.11 -68.0 -68.4 -67.6 1.08 0.90 -57.3 ES-VIS S97
G343.384+1.309-1612A 16:53:22.576 -41:48:29.90 2.56 3.49 -64.5 -65.5 -62.4 0.26 0.45 20.7 ES-SEV S97
G343.384+1.309-1612B 16:53:22.564 -41:48:29.30 0.32 0.29 -61.4 -61.9 -60.6 0.68 1.18 20.7 ES-SEV S97
G343.384+1.309-1612C 16:53:22.565 -41:48:30.01 0.95 0.55 -57.2 -57.8 -56.9 0.51 0.94 20.7 ES-SEV S97
G343.384+1.309-1612D 16:53:22.589 -41:48:29.72 1.31 1.05 -55.8 -56.5 -55.1 0.36 0.63 20.7 ES-SEV S97
G343.384+1.309-1612E 16:53:22.575 -41:48:29.83 0.63 1.60 -52.9 -54.6 -48.3 0.64 1.19 20.7 ES-SEV S97
G343.384+1.309-1612F 16:53:22.603 -41:48:29.53 0.84 1.09 -25.9 -29.7 -25.6 0.60 1.06 20.7 ES-SEV S97
G343.384+1.309-1612G 16:53:22.579 -41:48:29.91 2.91 1.97 -24.5 -25.1 -24.3 0.21 0.37 20.7 ES-SEV S97
G343.384+1.309-1612H 16:53:22.587 -41:48:29.78 4.15 3.42 -22.9 -23.8 -22.9 0.16 0.28 20.7 ES-SEV S97
G343.384+1.309-1612I 16:53:22.584 -41:48:29.75 18.58 25.47 -20.8 -22.4 -18.8 0.09 0.16 20.7 ES-SEV S97
G343.384+1.309-1665A 16:53:22.578 -41:48:29.58 0.47 1.47 -54.0 -56.8 -51.1 0.60 1.05 20.7 ES-SEV S97
G343.384+1.309-1667A 16:53:22.606 -41:48:29.71 0.56 0.95 -64.9 -66.2 -62.7 0.58 1.02 20.8 ES-SEV S97
G343.461−0.688-1612A 17:02:06.074 -42:59:26.86 0.45 1.18 -9.7 -11.1 -5.7 1.33 1.02 -54.3 ES-VIS N
G343.461−0.688-1612B 17:02:06.081 -42:59:26.90 0.43 0.95 16.1 12.5 17.0 1.09 0.84 -54.3 ES-VIS N
G343.543+0.345-1612A 16:57:57.369 -42:17:19.87 0.29 0.38 17.6 17.1 19.3 0.93 0.79 -50.2 U N
G343.562+0.144-1612A 16:58:52.268 -42:23:56.20 0.29 0.18 7.2 7.1 8.4 1.20 1.02 -50.2 ES-VIS N
G343.562+0.144-1612B 16:58:52.278 -42:23:57.68 0.32 0.23 44.2 43.4 44.7 1.12 0.97 -50.2 ES-VIS N
G343.577−0.584-1612A 17:02:02.315 -42:50:07.58 0.32 0.22 -81.5 -82.4 -81.2 1.79 1.43 -54.3 U N
G343.721+1.003-1612A 16:55:47.413 -41:44:21.48 0.58 0.56 -20.9 -22.0 -19.7 1.02 1.91 -13.1 U N
G343.756−0.163-1665A 17:00:49.781 -42:26:08.71 0.38 0.20 -33.0 -33.3 -32.4 1.31 1.22 -48.1 SF-MMB N
G343.756−0.164-1665B 17:00:50.009 -42:26:10.37 0.40 0.20 -29.0 -29.3 -28.5 1.10 1.02 -48.1 SF-MMB N
G343.929+0.125-1665A 17:00:10.938 -42:07:20.75 0.42 0.42 10.5 10.0 11.7 1.21 1.17 -46.2 SF-MMB C98
G343.929+0.125-1665B 17:00:10.928 -42:07:20.33 0.50 0.46 12.4 12.2 13.9 1.02 0.99 -46.2 SF-MMB C98
G343.929+0.125-1665C 17:00:10.873 -42:07:20.12 0.40 0.46 15.6 15.3 17.0 1.37 1.33 -46.2 SF-MMB C98
G343.966+0.815-1667A 16:57:23.688 -41:39:57.48 0.31 0.19 -90.9 -91.8 -90.5 1.83 1.94 -43.5 U N
G343.966+0.815-1667B 16:57:23.616 -41:39:56.79 0.34 0.27 -54.0 -55.3 -53.6 1.25 1.31 -43.5 U N
G344.101+1.794-1612A 16:53:46.983 -40:56:48.11 0.59 1.20 1.6 1.1 4.7 0.92 1.55 -28.7 ES-SEV S97
G344.101+1.794-1612B 16:53:46.994 -40:56:48.13 0.53 0.78 30.4 27.9 31.0 0.79 1.33 -28.7 ES-SEV S97
G344.191−0.682-1612A 17:04:29.934 -42:24:30.49 0.76 1.17 -67.5 -69.1 -66.4 0.55 0.95 -16.9 U N
G344.227−0.569-1665A 17:04:07.800 -42:18:40.01 10.55 6.67 -31.3 -31.8 -28.3 0.18 0.31 -16.9 SF-MMB C98
G344.227−0.569-1665B 17:04:07.797 -42:18:40.48 0.58 0.29 -26.3 -27.0 -26.1 0.80 1.41 -16.9 SF-MMB C98
G344.227−0.569-1665C 17:04:07.811 -42:18:39.39 0.48 0.20 -23.2 -23.5 -22.6 0.80 1.41 -16.9 SF-MMB C98
G344.228−0.569-1665D 17:04:07.888 -42:18:39.17 0.52 0.34 -21.7 -22.2 -21.3 0.74 1.31 -16.9 SF-MMB C98
G344.228−0.569-1665E 17:04:07.894 -42:18:39.41 0.48 0.22 -18.8 -19.1 -18.2 0.95 1.73 -16.9 SF-MMB C98
G344.227−0.569-1667A 17:04:07.797 -42:18:39.84 22.64 15.38 -31.2 -32.4 -29.8 0.12 0.24 -16.9 SF-MMB C98
G344.227−0.569-1667B 17:04:07.829 -42:18:40.14 0.57 0.30 -29.1 -29.4 -28.5 0.64 1.17 -16.9 SF-MMB C98
G344.228−0.569-1667C 17:04:07.908 -42:18:40.31 0.51 0.26 -20.9 -21.5 -20.6 0.82 1.54 -16.9 SF-MMB C98
Notes: The first column lists the name of the maser spot, which is obtained from the Galactic coordinates of the accurate positions, followed by the frequency and a letter
to denote the sequence of maser spots in the spectrum. The second and third columns are the coordinates of the maser spot. The fourth and fifth columns list the peak
flux density and integrated flux density. The sixth, seventh and eighth are peak, minimum and maximum velocities, respectively. The ninth, tenth and eleventh columns
are minor axis uncertainty, major axis uncertainty and position angle. The twelfth column is the identification of each maser site and the reason for this identification.
The thirteenth column identifies new maser sites with “N” or gives the reference for previously detected maser sites. Only the 162 maser sites from our observations are
shown here.
a
Sources with unknown assignments are listed as U. The rest of this column is formatted as ‘Assignment-Reason’, where ‘Assignment’ can be SF – star formation;
ES – evolved star, SN – supernova remnant or PN – planetary nebula. ‘Reason’ can be MMB – class II methanol maser site, based on the Methanol Multibeam data
(Caswell et al. 2011); HOP – based on HOPS identification (Walsh et al. 2014); RMS – based on RMS identification (Lumsden et al. 2013); BAI – Bains et al. (2009);
CAS – Caswell (2004); CHE – Chen & Yang (2012); GRE – Greaves (2008); JON – Jones et al. (1982); LI1 – te Lintel Hekkert et al. (1991); LI2 – te Lintel Hekkert et al.
(1989); MCD – McDonald et al. (2012); SEV – Sevenster et al. (1997b); USC – Uscanga et al. (2014); VIS – based on visual check on the GLIMPSE or WISE image
together with spectral features.
b
Sources first detected in this survey are listed as N. The remaining sources are tabulated with references: S97 (Sevenster et al. 1997b), L91 (te Lintel Hekkert et al.
1991), L89 (te Lintel Hekkert et al. 1989), C98 (Caswell 1998) and C04 (Caswell 2004).
3.1. The maser site images
For each maser site, we present the spectrum or spec-
tra, maser spots overlaid on the IR maps and their rel-
ative positional error ellipses for each maser spot (e.g.
Figure 1, similar to Figure 5 in Walsh et al. 2014). The
upper panel shows the flux density (constructed from
Stokes I) plotted against the radial velocity with respect
to the LSR for the unbinned spectrum, or spectra (de-
pending on the number of transitions detected), for each
maser site. The maser transition is usually labelled in
the upper-right corner of the spectrum. The shaded ve-
locity range shows the emission channels for each maser
spot, which is labelled with letters at the top. The inte-
grated flux density of each maser spot is the area under
the spectral line curve in the shaded channels. Note that
the shaded channels were inspected in the full data cube
and only include the emission which is easily identified
at a single location. Thus, some spectra have features
which may appear as peaks and lie outside the shaded
regions. In such circumstances, we have identified them
as either noise spikes or emission from nearby (but unre-
lated) strong masers (for individual sources, see details in
Section 4.7). Therefore, the shaded channels should be
considered as a guide to represent the velocity range over
which we believe there is real emission originating from
this maser site. Three spectra (Figures ??, ?? and ??)
have zero values in some velocity ranges due to flagged
channels. Only the 162 maser sites from our observations
are shown here. The remaining 53 MAGMO maser sites
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will be published later by the MAGMO team.
The bottom panel is a 6′ × 3′ GLIMPSE three-color
image, which plots band 1 for blue, 2 for green and 4 for
red, with band wavelengths of 3.6, 4.5 and 8.0 µm, re-
spectively. Note that for masers in the Galactic latitude
range of |b| > 1◦, the three-color image is made from
WISE data, based on band 1 for blue, 2 for green and 3
for red, with band wavelengths of 3.4, 4.6 and 12.2 µm,
respectively. WISE data are used in this Galactic lati-
tude range because the region is outside the GLIMPSE
survey area. The image is centred on the maser site. All
maser spots that were detected within this field of view
are shown. 1612MHz maser spots are presented with 3-
pointed stars, 1665MHz maser spots with plus symbols,
1667MHz maser spots with cross symbols and 1720MHz
maser spots with triangles. Occasionally, there are two
or more maser sites in the image, which can be used to
see the relative positions of all maser sites in the same
field of view. A scale bar of 30′′ is shown in the lower-left
corner of this panel. A white box located in the centre of
the panel shows the field of view in the middle-left panel.
The middle-left panel presents the zoomed-in region
around the maser site. This region is a square 21.6′′ on
each side. The background is the same three-color image
as the bottom panel. The masers at different frequen-
cies are shown as different symbols as described above.
This figure only shows maser spots associated with sin-
gle maser site. Thus, when comparing with the bottom
panel, we can identify which maser spots are associated
with this maser site. A scale bar of length 1′′ is shown
in the lower-left corner of this panel, indicating the ab-
solute positional uncertainty of the maser sites. In the
centre of this panel, there is a white box, which shows
the region of the zoomed area presented in the middle-
right panel. The size of the middle-right panel is cho-
sen such that all masers, together with the full extent of
their error ellipses, will fit within the panel. Thus, dif-
ferent maser sites have different white box sizes in the
middle-left panel.
The middle-right panel is a zoomed-in region showing
the positions and relative error ellipses of all maser spots
for this maser site. Each maser spot is represented both
with a colored ellipse and a colored symbol, with differ-
ent symbols for different transitions as described above.
The symbols are filled with colors and have black borders
in order to be seen easily. The position of the ellipse is
the fitted position of that maser spot. The major axis,
the minor axis and the position angle of the ellipse rep-
resents the relative positional uncertainty of the maser
spot, which is obtained with the Miriad task imfit in
Section 2. At the bottom of this panel, there is a ve-
locity color bar. The color of the ellipses and symbols
shows the peak velocity of the maser spot. A scale bar
is shown in the lower-left corner of this panel. Note that
there is no absolute coordinate presented in this panel
because the absolute position uncertainty is only about
1′′. The relative offsets of maser spot positions shown in
this panel are typically on much smaller scales.
4. DISCUSSION
4.1. The identification of maser sites
A blind survey of OH masers in four ground-state tran-
sitions over a large proportion of Galactic plane allows us
to study their associations and the proportion of different
associations in an unbiased way. Even though SPLASH
is an untargeted survey, it is still sensitivity limited. This
factor may affect the detection statistics of evolved star
and star formation masers, but it is still important to
classify the masers according to which kind of astro-
physical objects they are associated with. We can iden-
tify some maser sites with reliable tracers of star forma-
tion, such as class II methanol maser sites (Caswell et al.
2011). The double-horned profile in the 1612MHz tran-
sition, combined with a bright IR stellar-like source in
the GLIMPSE or WISE map as in Figure 1, is a reliable
indicator of an evolved star. However, for other maser
sites, there may not be very clear evidence about their
associations. Therefore, we adopt a variety of methods
to identify each maser site and assign them to different
categories, i.e. an evolved star site (including PNe), a
star formation site, a SNR site or an unknown site. Note
that although we expect the identifications to be correct
for each maser site, it is possible that a small number
of our classifications are incorrect. In Table 1, the last
column is our identification for each maser site and rea-
sons for this identification. The process of identifying the
associations is in the following steps:
1. An OH maser site was classified as a star formation
site if its position is close to a class II methanol
maser site. We compared our OH masers to the
Methanol Multibeam survey detections for this re-
gion (MMB; Caswell et al. 2011) in Galactic coor-
dinates. The absolute positional accuracy of the
MMB survey is about 0.4′′. When there is a 0.001◦
difference in one coordinate (Galactic longitude or
Galactic latitude), it is equivalent to an angular
separation of 3.6′′. We chose 3.6′′ as the maxi-
mum separation for ease of use. We find OH maser
sites and methanol maser sites are either closely
associated (the separation is less than 3.6′′) or well
separated (the separation is larger than 12.9′′).
2. Remaining maser sites were correlated with the
H2O southern Galactic Plane Survey (HOPS;
Walsh et al. 2014) identifications, which classified
22GHz water masers carefully and reliably. The
absolute positional accuracy of HOPS is about 1′′.
The largest distance for an association is chosen
to be 3.6′′, which is the same value used in MMB
data. The comparison result also shows that OH
maser sites and water maser sites are either closely
associated (the separation is smaller than 3.6′′) or
well separated (the separation is larger than 12.9′′).
3. Remaining maser sites were compared with the
Red MSX Source (RMS; Lumsden et al. 2013) cat-
alogue. An association threshold of 9.5′′ was
adopted, corresponding to the astrometry limits of
the RMS survey (Lumsden et al. 2013). The OH
maser site was assigned to the RMS identification
if the separation was smaller than this value.
4. The remaining sources were identified in the lit-
erature with SIMBAD12. Some sources with RMS
identifications (e.g. PN and SNR) were also
12 http://simbad.u-strasbg.fr
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Fig. 1.— G334.898+0.520. The upper panel shows the unbinned spectrum, with the radial velocity with respect to the LSR on the x-axis
in units km s−1 and flux density on the y-axis in units of Jy. The flux density is constructed from Stokes I. In the bottom, middle-left and
middle-right panels, 1612MHz maser spots are presented with 3-pointed stars, 1665MHz maser spots with plus symbols, 1667MHz maser
spots with cross symbols and 1720MHz maser spots with triangles. Refer to Section 3.1 for a full description of the figure. The full 162
figures for this paper are available online.
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searched in SIMBAD to confirm the identification
or revise the identification.
5. The associations could also be identified according
to their IR properties or IR properties combined
with spectral features. The IR images of all maser
sites were checked to see if their identifications from
the previous steps were correct. We also tried to
classify some sources which did not have a clear
identification based on steps 1−4. When masers
have double-horned profiles in the 1612MHz tran-
sition and are associated with bright IR stellar-
like sources in the GLIMPSE or WISE images,
we classified them as evolved star OH masers. If
masers were associated with extended green ob-
jects (EGOs; Cyganowski et al. 2008) in the IR im-
age, they were categorised as star formation OH
masers, because EGOs trace the energetic shocked
gas in the interstellar medium, which is the sig-
nature of star formation (e.g. Chen et al. 2009).
With this step, we could identify many evolved star
OH masers and check identifications from above
steps, e.g. HOPS and RMS, to obtain a correct
identification.
6. Any OH masers which could not be reliably iden-
tified using the preceding steps were assigned as
unknown sites.
From both our dataset and the MAGMO dataset, we
identify 122 OH maser sites (57 per cent) associated with
the circumstellar envelopes of evolved stars (one of which
is a PN), 64 OH maser sites (30 per cent) associated with
SFRs, two maser sites towards SNRs and 27 unknown
maser sites (13 per cent). Compared to the literature
(e.g. Sevenster et al. 1997b; Caswell 1998), about half
of the evolved star sites (60/122) are new detections,
39 per cent of the star formation sites (25/64) are new
detections and almost all of the unknown maser sites
(26/27) are new detections. The identification result
above demonstrates that the majority of OH masers orig-
inate from the envelopes of evolved stars. We will dis-
cuss the transition overlap of the evolved star category
and star formation category separately in more detail in
Section 4.3. The only PN site (G336.644−0.695; in the
evolved star category) has 1612, 1667 and 1720MHz OH
masers and shows variability in the 1720MHz transition
at two epochs (see Qiao et al. 2016 for more details).
The two SNR sites (G336.961−0.111, Frail et al. 1996,
from MAGMO; G337.802−0.053, Caswell 2004, from our
dataset) show single-peak 1720MHz OH masers, which
trace the interaction of the SNR and surrounding molec-
ular clouds. The unknown OH maser sites usually have
one maser spot at 1612MHz and are associated with a
bright IR stellar-like source in the GLIMPSE or WISE
image (20/27). These OH masers may come from the
circumstellar envelopes of evolved stars where only one
maser spot at 1612MHz can be seen.
4.2. Size of maser sites
In order to classify maser spots into maser sites, and
thereby determine the upper limit of OH maser site sizes,
we have studied the angular separation between each
maser spot and its nearest neighbour. Figure 2 shows
that the nearest neighbours are generally located within
2′′ of one another. This figure further shows that few
spots are separated by values in the range between 2′′
and 4′′ (a total of five). Given that Figure 2 plots the
separation to the nearest spot (and therefore could be
considered a lower limit to site size) we have adopted
a site size upper limit of 4′′. We note that this is the
same upper limit adopted for the water masers detected
in the HOPS survey (Walsh et al. 2014). After establish-
ing an upper limit, the true size of the maser sites can
be determined by taking the maximum separation be-
tween OH maser spots within that site. In a few cases,
we found maser spots spread over more than 4′′, but
upon inspection were clearly two clusters of spots that
were well separated and could therefore be easily classi-
fied into two separate sites. Figure 3 shows the size of
171 OH maser sites (red) and indicates that all of our OH
maser sites are smaller than 3.1′′, and only eight sources
show spreads of equal to or greater than 2′′ (equating
to 95 per cent of sources). We therefore conclude that
the majority of OH masers show extents of less than 2′′
(equivalent to a linear size of about 0.05 pc at a distance
of 5 kpc) which is consistent with previous investigations
(e.g. Forster & Caswell 1989).
For comparison, Figure 3 also shows the site sizes of
the 470 22GHz water maser sites (blue) from HOPS.
This shows that the distribution of water maser sizes
peaks at a smaller size than OH maser sites, but has a
longer tail with more water maser sites showing larger
sizes. The result of a Kolmogorov-Smirnov (K-S) test
shows that there is a 9 × 10−4 per cent chance these
two distributions are drawn from the same underlying
population. The significant difference in distributions of
OH maser sites compared to water maser sites can be
accounted for by the fact that very small water maser
sites are dominated by evolved star masers (Walsh et al.
2014), which are found in the inner envelopes compared
to OH masers that are associated with the outer en-
velopes (Reid & Moran 1981), causing there to be com-
paratively few very small OH masers. At the other end of
the scale, there are more large water maser sites which
are dominated by star formation sources (Walsh et al.
2014) that often trace larger-scale outflows emanating
from their powering sources, which may cause the wider
range of water maser site sizes.
Figure 4 shows OH maser site sizes for sources associ-
ated with evolved stars (117 maser sites) and star forma-
tion (51 maser sites), respectively. It can be seen from
the plot that evolved star sites are all smaller than 1.6′′,
while the 12 OH maser sites that show greater extents
are all associated with star formation, and, further, that
the distribution of the evolved star sites peaks at smaller
sizes than the star formation sites. The significance of
these differences is confirmed with a K-S test of the two
distributions, showing that there is a 2 × 10−5 per cent
chance they are drawn from the same underlying pop-
ulation. It is perhaps not surprising that evolved star
OH maser sites generally tend to be smaller because
they are located in a circumstellar shell, typically on
size scales of 80 AU (Reid 2002), whereas star forma-
tion OH maser sites are typically distributed over 3000
AU (Forster & Caswell 1989). Walsh et al. (2014) also
concluded that 22GHz water maser sites associated with
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Fig. 2.— Distribution of the angular distance to the nearest
neighbour for each maser spot. This distribution quickly falls off
with increasing angular distance, indicating that OH maser sites
are small and well separated.
Fig. 3.— Distribution of the sizes of 171 OH maser sites (red) and
470 22GHz water maser sites (blue) from HOPS. All these maser
sites show more than one maser spot. OH maser sites include
evolved star sites, star formation sites and unknown sites. Only
eight OH maser sites are equal to or larger than 2′′ and all of
them come from star formation regions. Water maser sites include
evolved star sites, star formation sites and unknown sites.
evolved stars have smaller angular sizes than those sites
associated with star formation.
4.3. Overlap between transitions
Many of the OH maser sites show emission from
only a single transition, however, some sites show two
or three transitions. The upper panel of Figure 5
shows the transition overlap of evolved star OH maser
sites. Of the 122 evolved star maser sites, 101 evolved
star sites (83 per cent) only exhibit 1612MHz emission.
Among these 101 evolved star sites, 97 sites have double-
horned spectral profiles in their spectra, three have a
single peak (G337.064−1.173, G338.514+1.458 from our
dataset and G338.456−0.187 from MAGMO) and one
Fig. 4.— Distribution of the sizes of 117 evolved star OH maser
sites (top) and 51 star formation OH maser sites (bottom). A K-
S test shows that there is a 2 × 10−5 per cent chance these two
distributions are drawn from the same underlying population.
1612
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1720
1667
ES
1612
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Fig. 5.— Upper panel is Venn diagram showing the overlap of
evolved star (ES) OH maser sites at four transitions. Bottom panel
is Venn diagram showing the overlap of star formation (SF) OH
maser sites at four transitions.
has three peaks (G342.004+0.251 from our dataset).
Two evolved star sites (G340.043−0.092 from our dataset
and G336.988−0.323 from MAGMO) only show a single
peak in the 1667MHz transition. One evolved star site
only has 1665 and 1667MHz masers (G341.083−1.084
from our dataset) with two maser spots at each transi-
tion. One PN site (G336.644−0.695; Qiao et al. 2016)
Accurate OH maser positions from the SPLASH pilot region 15
exhibits the only 1720MHz OH maser among evolved
stars, and it is accompanied by maser emission at 1612
and 1667MHz. 1612 and 1667MHz OH masers show
the largest overlap: 84 per cent of 1667MHz OH masers
(16/19) have a 1612MHz counterpart. Main-line tran-
sitions have the second largest overlap with 75 per cent
of 1665MHz OH masers (6/8) associated with 1667MHz
OH masers.
The bottom panel of Figure 5 is Venn diagram il-
lustrating the overlap between the four transitions in
star formation regions. 70 per cent of 1612MHz OH
masers (7/10) are solitary, i.e. not associated with other
ground-state OH transitions. 33 per cent of 1665MHz
OH masers (17/52) are solitary. Main-line OH masers
show the largest overlap: 32 sites exhibit both 1665
and 1667MHz OH masers. 62 per cent of 1665MHz
OH masers (32/52) have a 1667MHz counterpart, which
is higher than the value reported in Caswell (1998, 53
per cent in the SPLASH pilot region). Caswell (1998)
detected 38 star formation OH masers in the SPLASH
pilot region and we detect 37 of these. The undetected
OH maser (336.984−0.183) only showed weak (∼0.4 Jy)
emission at 1665MHz in Caswell (1998) and is not de-
tected here likely due to variability. For the re-detections
of Caswell (1998), 72 per cent of 1665MHz OH masers
(26/36) have a 1667MHz counterpart. This is partly
caused by the broader association radius we used (3.1′′
versus 1′′ adopted by Caswell, 3.1′′ is the largest size of
star formation OH maser sites from our results). More-
over, it is possible that the Caswell (1998) data have some
biases in their 1667MHz observations. Since his obser-
vations were focused on the 1665MHz line, the limited
bandwidth of the observations meant that the 1667MHz
line fell outside the range of the observations in some
cases. To combat this, Caswell (1998) adopted previ-
ous observations where available, meaning that source
variability may influence these associations (since the
observations of the two lines would necessarily be sep-
arated in time). With a larger number of masers from
the full SPLASH region (that have been observed simul-
taneously), we aim to accurately determine the overlap
for both evolved star and star formation maser sites.
4.4. Evolved star sites
For 118 evolved star sites (excluding the PN site) with
1612MHz emission, we classified them according to their
integrated flux densities of blue- and red-shifted compo-
nents (Iblue and Ired). Since blue- and red-shifted com-
ponents come from two sides of the circumstellar enve-
lope, we can estimate the number of photons emitting
from each side using the integrated flux density. If the
ratio of Iblue and Ired is between 0.5 and 2, we classify
the source as symmetric. If the ratio of Iblue and Ired
is larger than 2 or smaller than 0.5 , we classify them
as asymmetric. Three sources (G337.231+0.044 from
our dataset, G337.078−0.187 and G338.456−0.187 from
MAGMO) are not included because the velocity range of
our observations or the MAGMO observations does not
cover the expected velocity of either the blue- or red-
shifted component. Two sources (G337.064−1.173 and
G338.514+1.458 from our dataset) are classified as ex-
tremely asymmetric sources because both of them only
have one spectral component in the spectrum.
There are 86 (out of 118, 73 per cent) symmetric
Fig. 6.— WISE [12]-[22] color distributions of 83 symmet-
ric (blue) and 29 asymmetric (red) evolved star sites showing
1612MHz transition. A K-S test shows that there is a 10 per cent
chance that these two distributions are from the same underlying
population.
Fig. 7.— The velocity separation △V of 86 symmetric (blue) and
27 asymmetric (red) evolved star sites showing 1612MHz transi-
tion. A K-S test shows that there is a 34 per cent chance that these
two distributions are from the same underlying population.
sources and 29 (out of 118, 25 per cent) asymmetric
sources. We compared the mid-IR properties of these
two samples, because emission from circumstellar dust
can become the dominant source of emission over radi-
ation from the photosphere for wavelengths longer than
5 µm (Blum et al. 2006). 83 (97 per cent) symmetric
sources haveWISE point source counterparts and 29 (100
per cent) asymmetric sources have WISE point source
counterparts. We find that the [12]-[22] color (12 µm and
22 µm) of these two samples has different distributions,
shown in Figure 6. This is confirmed with a K-S test
showing that there is a 10 per cent chance that these two
distributions are from the same underlying population.
Symmetric sources show redder colors than asymmet-
ric sources, probably indicating that their envelopes are
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thicker and thus we see colder temperatures. A thicker
envelope could indicate that the symmetric sources are
at an earlier evolutionary stage than asymmetric ones,
and/or that the symmetric sources have more massive
precursors and thus, more massive envelopes. Regard-
ing stellar mass, Smith (2003) found OH/IR stars with
higher main-sequence masses (20 < △V < 40 km s−1,
△V is the velocity separation between most blue- and
red-shifted maser components in the 1612MHz transi-
tion) are clearly redder than OH/IR stars with lower
main-sequence masses (△V ≤ 15 km s−1). We also
studied the velocity separation of symmetric sources and
asymmetric sources, shown in Figure 7. A K-S test shows
that there is a 34 per cent chance that these two distri-
butions are from the same underlying population, indi-
cating that there is not significant difference in velocity
separation (and thus, stellar mass) between symmetric
and asymmetric sources. In principle, these results seem
to suggest that age is a more determinant factor in the
color difference between the symmetric and asymmetric
OH sources. However, there could be some biases that
need to be considered, such as the particular ratio be-
tween Iblue and Ired we chose to separate these two sam-
ples. Moreover, it is possible that the detection of an
underlying difference in main-sequence masses requires a
sample with a larger size. Further investigation will be
carried out with the full SPLASH sample.
4.5. Star formation sites
We compared star formation OH maser sites in the
SPLASH pilot region to 6.7GHz methanol maser sites
from the MMB survey and 22GHz water maser sites
from HOPS. We chose the overlap region of these three
surveys, i.e. between Galactic longitudes of 334◦ and
344◦ and Galactic latitudes of −0.5◦ and +0.5◦. There
are 52 OH maser sites, 112 methanol maser sites and
67 water maser sites in this region. The association
of these three species of masers is shown in Figure 8.
We used the same criteria as described in Section 4.1
to identify whether two different maser species are as-
sociated. OH maser sites have the largest overlap with
methanol maser sites (38/52; 73 per cent). As for the
OH masers, water masers also have the largest over-
lap with methanol masers (38/67; 57 per cent). Half
of methanol maser sites (56/112) are solitary, i.e. not
associated with any OH and water masers. The frac-
tion of solitary methanol maser sites is higher than soli-
tary OH maser sites (21 per cent) and solitary water
maser sites (39 per cent). A sensitive 22GHz water
maser survey towards the MMB masers found that ∼48
per cent of 6.7GHz methanol masers have a 22GHz water
maser counterpart (Titmarsh et al. 2014; Titmarsh et al.
2016), which is higher than our result (38/112, 34
per cent). Moreover, Breen et al. (2010b) made a tar-
geted search for 22GHz water masers toward star for-
mation OH maser sites and concluded about 79 per cent
of OH masers sites show coincident water maser emis-
sion. This value is much higher than our result, which
is about 44 per cent (23/56). The Titmarsh et al. and
Breen et al. water maser surveys have comparable sensi-
tivities with the typical rms noise about 0.1 Jy, whereas
HOPS has a typical rms noise of around 1 Jy. There-
fore, association results between OH/methanol and water
56
CH3OH
2O
OH
Fig. 8.— Venn diagram showing the overlap of OH, 6.7GHz
methanol and 22GHz water masers from star formation regions,
between Galactic longitudes of 334◦ and 344◦ and Galactic lati-
tudes of −0.5◦ and +0.5◦.
masers will be biased by the lower sensitivity of HOPS.
However, it still provides useful insights on the associa-
tion between OH and 6.7GHz methanol masers. We will
investigate this overlap with the larger dataset from the
full SPLASH survey region.
In the SPLASH pilot region, 64 maser sites are classi-
fied as star formation sites. We also checked whether
these OH maser sites are associated with continuum
sources at 1.7GHz. We find six of them (6/64; ∼9
per cent) are associated with continuum sources. Note
that we only used the 2MHz bandwidth from 3 con-
catenated zoom bands for 1720MHz to check for con-
tinuum sources. A previous study of OH masers in
star formation regions shows that ∼38 per cent of OH
maser sites have compact 3 cm continuum sources (at
8.2GHz and 9.2GHz ) within 2′′ (Forster & Caswell
2000). For 6.7GHz methanol masers, ∼20 per cent of
methanol masers are associated with continuum sources
(Walsh et al. 1998). The low fraction of continuum
sources we observe is likely to be due to the low frequency
(1.7GHz) and limited sensitivity of the continuum ob-
servations. Since the turnover frequency of ultracom-
pact HII regions is typically > 8 − 15GHz (Kurtz et al.
1994), ultracompact HII regions are likely to be optically
thick at 1.7GHz and the flux density drops off quickly
(Sν ∝ ν
−2, where Sν is the flux density and ν is the
frequency).
4.6. Non-detection sources
Table 2 lists the positions at which we did not detect
any maser emission in the ATCA observations. From
their Parkes spectra, we find all of them are weak (weaker
than ∼0.4 Jy). Nine of them showed very weak fea-
tures in the Parkes spectra that we considered as possi-
ble masers. But all of these nine could also be consistent
with noise. Since we make no detections of these with the
ATCA data, we consider the original Parkes identifica-
tions as spurious. One of them (G343.95+0.35) appears
to be diffuse emission, showing line ratios expected for
quasi-thermal emission. The remaining eleven positions
appear to be real detections with eight showing emis-
sion from the 1612MHz transition and three exhibiting
1665MHz transition. Among these eleven sources, six of
them have two peaks and five of them only show one peak
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TABLE 2
List of positions which exhibit maser emission in
Dawson et al. (2014) but were not detected in our
observations.
G334.50−0.15(S) G339.55+1.05(S) G342.55−1.85(S)
G334.60+0.20(V) G340.40+1.15(V) G342.65+0.15(V)
G335.95+1.80(V) G341.15−0.40(V) G343.10+1.30(V)
G337.10−0.95(S) G341.30+0.35(V) G343.25−0.05(S)
G338.70−0.70(V) G341.55−0.70(S) G343.40−0.05(V)
G338.70−1.05(S) G341.95−1.10(S) G343.75+1.05(V)
G339.50−0.10(S) G342.50−1.10(V) G343.95+0.35(D)
Notes: S – may be spurious detections; V – may be variable;
D – diffuse emission, not a maser. The non-detection in half
of these regions (11/21) is thought to be due to intrinsic vari-
ability, making the masers undetectable in our observations.
in the Parkes spectra. The approximate time difference
between the Parkes observations and the current ATCA
observations is about 1.5 years. Previous work showed
that ground-state OH masers could be variable on short
(minutes-hours) and long (days-years) time scales (e.g.
Clegg & Cordes 1991). Given the higher sensitivity of
the ATCA observations, when compared to the previous
Parkes observations, we surmise that these masers may
be variable and can not be detected because of low flux
density during the ATCA observations.
4.7. Comments on individual sources of interest
G333.942+0.387, G334.958−0.844,
G337.322−0.205, G337.877+0.820,
G338.902+0.015, G339.871−0.670,
G342.222+0.041, G342.902−0.144,
G342.964−0.368, G343.191−0.279,
G343.543+0.345, G343.577−0.584
and G344.191−0.682. These maser sites only have
one OH maser spot in the 1612MHz transition. In the
GLIMPSE three-color images, they are associated with
bright IR stellar-like sources, as shown in Figure 9. We
studied their IR properties by finding their counterparts
in the GLIMPSE point source catalogue. For the sources
with IR point source counterparts, we found that the
magnitude of the 4.5 µm band is brighter than 7.8, which
indicates that these sources are “obscured” AGB star
candidates with very high mass-loss rates according to
Robitaille et al. (2008). However, in the absence of other
confirmation of their nature, we identify them as “un-
known sites”, although they very possibly originate from
the circumstellar envelope of evolved stars.
G334.132+0.384. This maser site only has one
1720MHz maser spot. There is no clear identification
for this position in the literature, thus it is identified
as an unknown site. From the GLIMPSE three-color
image, we find it is located in an extended emission re-
gion. It possibly belongs to the variety noted by Caswell
(2004), i.e. associated with star formation without main-
line emission. This source is resolved on 6 km baselines,
but clearly detected on shorter baselines. It was de-
tected with SPLASH Parkes observations but only in the
1720MHz line. We did not detect any emission or ab-
sorption towards the other three lines with the ATCA.
Thus, we concluded it is likely to be a maser detection.
G334.577+1.958, G337.782+1.394,
G338.513+1.503 and G340.091+1.458. These
maser sites only have one maser spot at 1612MHz. There
are no clear identifications for them in the literature, thus
their associations are unknown. In the WISE three-color
images, they are located in the same position as bright
IR stellar-like objects.
G335.136+0.196. This unknown maser site has two
1612MHz maser spots. There is no clear identification
for this position in the literature. In the GLIMPSE three-
color image, it is associated with a bright stellar-like
source.
G335.832+1.434. This maser site is an OH/IR star
site, which belongs to the evolved star category. Figure
10 shows the line-widths of the 1665MHz maser spots
are quite broad: about 10 km s−1 for each spot. But
since this maser is detected on even the longest baselines
and is not detected in the other lines, it is unlikely to be
diffuse. In the WISE three-color image, it is associated
with a very red star (bright at 12 µm).
G336.075−1.084. This maser site is an OH/IR star
site with 26 maser spots at 1612, 1665 and 1667MHz,
shown in Figure 11. This is the richest maser site in the
SPLASH pilot region. The 1612MHz maser spots are
stronger in the velocity range −62 km s−1 to −48 km s−1,
while 1665 and 1667MHz maser spots are stronger at the
blue-shifted velocity range of −92 kms−1 to −88 km s−1.
This result indicates that 1665 and 1667MHz masers
favour a similar physical environment. The GLIMPSE
three-color image appears saturated.
G336.098−0.878. The unassociated emission in
the 1612MHz spectrum is from a nearby source,
G336.075−1.084.
G336.644−0.695. This maser site is a PN, which also
has 22GHz water masers at the velocity of ∼ −41.8
kms−1 and ∼ −43.9 km s−1 (Uscanga et al. 2014) and
radio continuum emission (van de Steene & Pottasch
1993). As shown in Figure 12, we detected one 1612MHz
OH maser spot at −45 kms−1, one 1667MHz OH maser
spot at −45 km s−1 and five 1720MHz maser spots,
which have the double-horned profile with the central ve-
locity ∼ −43 km s−1. This is only the second known PN
showing 1720MHz OH masers after K 3−35 and the only
evolved stellar object with 1720MHz OH masers as the
strongest transition, compared to the other three transi-
tions of ground-state OH. We also observed it with the
ATCA about one and half years later and found variabil-
ity in the 1720MHz transition. The magnetic fields are
also measured from the Zeeman splitting of the 1720MHz
maser spots, which suggests that the 1720MHz masers
are formed in a magnetised environment. Further details
of this source can be found in Qiao et al. (2016).
G337.001−0.754. This maser site is classified as an
unknown site. As shown in Figure 13, it has two maser
spots at velocity of ∼ −122 km s−1 in the 1612 and
1665MHz transitions. In the GLIMPSE three-color im-
age, these two masers are associated with a very bright IR
stellar-like source, thus it may originate from an evolved
star site.
G337.064−1.173. This maser site is an evolved star
site, which appears to have evolved into the fast wind
stage (Bains et al. 2009). This maser has been observed
as a single spectral feature by Sevenster et al. (1997b),
which is consistent with our observations. In the WISE
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three-color image, the maser site is bright at 12 µm (very
red).
G337.241+0.146. The unassociated emission in
the 1612MHz spectrum is from a nearby source,
G337.356−0.137.
G337.802−0.053. This maser site is classified as a SNR
site (Caswell 2004). It contains one 1720MHz OH maser
spot, which traces the interaction between the SNR with
surrounding molecular clouds. There are no obvious fea-
tures in the GLIMPSE three-color image.
G337.860+0.271. This maser site is an evolved star
site, exhibiting 15 maser spots at 1612, 1665 and
1667MHz transitions, shown in Figure 14. The velocity
of the 1665MHz maser spot is close to the central ve-
locity of the double-horned profile in the 1612MHz tran-
sition, while the 1667MHz maser spots spread a broad
velocity range across the 1612MHz velocity range. In
the GLIMPSE three-color image, these masers are as-
sociated with a very bright IR stellar-like source. The
unassociated emission in the 1612MHz spectrum is from
G337.719+0.350 and the unassociated emission in the
1665 and 1667MHz spectra is from G337.997+0.136 (the
MAGMO dataset).
G338.660+1.290. This maser site is identified as an
evolved star site. It has 1612 and 1665MHz OH maser
spots, as shown in Figure 15. The line-width of these
maser spots is quite broad with ∼20 km s−1 for the
1612MHz transition and ∼16 km s−1 for the 1665MHz
transition. These two masers are detected even on the
longest baselines and are not detected in the other lines,
thus they are unlikely to be diffuse OH emission. In the
WISE three-color image, the star is very red (bright at
12 µm).
G338.874−0.821. The unassociated emission in
the 1612MHz spectrum is from a nearby source,
G338.972−0.734.
G339.282+0.136. This maser site only exhibits one
maser spot at the 1665MHz transition. It is also associ-
ated with 6.7GHz methanol masers and is identified as
a star formation site. The line-width of this maser spot
is ∼4 kms−1. In the GLIMPSE three-color image, it is
associated with a very faint EGO. Caswell et al. (2014)
reported the variability of this 1665MHz maser, with the
highest peak decreasing from 1.5 to 0.7 Jy between 2004
and 2005. The 1667MHz OH maser they detected was
listed in our maser site G339.294+0.139.
G339.294+0.139. This maser site only has one maser
spot at 1667MHz transition. It is also associated with
6.7GHz methanol masers and is thus identified as a star
formation site. The line-width of this maser spot is quite
narrow, ∼0.5 km s−1. In the GLIMPSE three-color im-
age, it is associated with an EGO. Caswell et al. (2014)
detected high linear polarization of the 1667MHz maser
at −73.5 km s−1 (> 50 per cent).
G339.986−0.425. The unassociated emission in
the 1612MHz spectrum is from a nearby source,
G340.144−0.430.
G340.043-0.092. This source is an evolved star. From
Sevenster et al. (1997b) observations, it has the typical
double-horned profile at 1612MHz, which spreads from
−46.8 to −11.8 km s−1. In our observation, we did
not detect the 1612MHz OH maser and only detected
one red-shifted maser spot at 1667MHz, which is ∼1.5
km s−1 width.
G340.246−0.048. This maser site is identified as an
unknown site. It only contains one 1612MHz OH maser
with line-width of ∼1 km s−1. In the GLIMPSE three-
color image, it is located in the 12 µm extended emission
(red background) and is not associated with any stellar-
like objects. It might be associated with star formation.
G341.083−1.084. This maser site is associated with
a variable star of Mira Cet type, which is well stud-
ied (McDonald et al. 2012). It only exhibits 1665 and
1667MHz OH masers. In the GLIMPSE three-color im-
age, the pixels are saturated.
G341.102−1.910. This maser site is associated with an
evolved star. It not only shows the typical double-horned
profile at 1612MHz, but also a maser spot between the
velocity of the center star and the red-shifted maser spot
(named as the middle maser spot), shown in Figure 16.
The five maser spots in 1665 and 1667MHz transitions
locate between the middle and the red-shifted 1612MHz
maser spots.
G341.681+0.264. This maser site is identified as an
unknown site. It only exhibits a very broad 1612MHz
OH maser spot with line-width of ∼12 km s−1, shown in
Figure 17. This emission is detected on even the longest
baselines and is not detected in the other lines, thus it
is unlikely to be diffuse OH emission. In the GLIMPSE
three-color image, it is associated with a faint stellar-like
object, which may be an EGO or an evolved star.
G342.004+0.251. This maser site is identified as an
evolved star site. In HOPS, water masers were also ob-
served towards this site with the velocity range from −45
kms−1 to −20 km s−1. In our observations, there are
three peaks in the 1612MHz spectrum and the velocity
range is from −53 km s−1 to −32 km s−1. The blue-
shifted component of the 1612MHz OH maser is more
blue-shifted than the water masers and its red-shifted
component is absent.
G342.369+0.140. This maser site is a star formation
site, which also exhibits 6.7GHz methanol masers and
22GHz water masers. It only contains two 1612MHz
OH maser spots and is associated with very faint EGOs
in the GLIMPSE three-color image.
G342.902−0.144. The unassociated emission in
the 1612MHz spectrum is from a nearby source,
G343.119−0.067.
G343.119−0.067. This maser site exhibits one strong
maser spot at 1612MHz. In the GLIMPSE three-color
image, this source is associated with extended dark red
emission (12 µm) and we classify it as star formation OH
maser site. The GLIMPSE image also shows the nearby
star formation OH maser site associated with EGOs.
G343.721+1.003. This sources has similar properties
as G340.246−0.048 in the 1612MHz spectrum and the
GLIMPSE three-color map. It might be associated with
star formation.
G343.929+0.125. This maser site is a star formation
site, which also has 6.7GHz methanol masers. It has
three weak maser spots in the 1665MHz transition and
is associated with EGOs in the GLIMPSE three-color
map. Caswell et al. (2014) reported the variability of
the strong 1665MHz left-hand circular polarization com-
ponent at 12 km s−1 and the absence of the 1667MHz
maser.
G343.966+0.815. This maser site is identified as an
unknown maser site. It shows a double-horned profile
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in the 1667MHz transition and is associated with an IR
stellar-like source in the GLIMPSE three-color map. It
may be associated with an evolved star.
5. CONCLUSIONS
In this paper, we present accurate positions for ground-
state OH masers in the SPLASH pilot region, between
Galactic longitudes of 334◦ and 344◦ and Galactic lati-
tudes of −2◦ and +2◦. We also identify the associated
astrophysical objects for these maser sites.
We obtain a total of 215 maser sites, which exhibit
maser emission at one, two or three transitions. More
than half of these 215 maser sites (111/215) are new de-
tections. Of these 215 maser sites, 154 sites show maser
emission at 1612MHz, 61 and 57 sites emit maser emis-
sion at 1665MHz and 1667MHz, and 9 sites exhibit the
rare 1720MHz OH masers.
We identify 122 maser sites associated with evolved
stars. These maser sites usually have the characteristic
double-horned profile at 1612MHz, sometimes accom-
panied by 1665 and/or 1667MHz OH masers. In the
GLIMPSE or WISE three-color images, these maser sites
are associated with bright IR stellar-like sources. One
PN site G336.644−0.695 from the evolved star category
is detected with OH masers at 1612, 1667 and 1720MHz
and may represent a very peculiar phase of the PN evo-
lution. 64 maser sites are classified as being associated
with star formation. These sites commonly have several
strong maser spots at main-line transitions and occasion-
ally also exhibit 1612 or 1720MHz OH masers. In the
IR images, they tend to be associated with EGOs, which
are signatures of star formation. Two 1720MHz maser
sites are associated with SNRs and trace the interaction
of the SNR with the surrounding giant molecular cloud.
27 maser sites are categorised as unknown because of
the lack of information from literature and IR images.
We find the size of most OH maser sites (98 per cent)
are smaller than 2.5′′ according to their accurate posi-
tions. We also find the angular size of OH maser sites
associated with evolved stars are smaller than that of
star formation sites, which is consistent with 22GHz wa-
ter masers in HOPS. For evolved star sites, OH masers
in the 1612MHz transition are dominant (98 per cent).
For star formation sites, main-line transitions have the
largest overlap, i.e. 62 per cent of 1665MHz OH masers
are associated with a 1667MHz OH maser.
We classify evolved star sites showing the 1612MHz
transition according to integrated flux densities of blue-
and red-shifted components. We find that symmetric
sources are redder than asymmetric sources in the WISE
[12]-[22] colors. This may be mainly due to a younger age
of symmetric sources, compared to asymmetric sources.
We study associations of star formation OH maser sites
with 6.7GHz methanol masers from the MMB survey
and 22GHz water masers from HOPS. We find that OH
masers have the largest overlap with methanol masers
(73 per cent), which may be due to the high sensitivity
of the methanol maser survey. We also find six of 64 star
formation OH maser sites in the SPLASH pilot region
are associated with continuum sources at 1.7GHz, which
is lower than the fraction at 9GHz. This lower value
is likely due to the frequency we observe, at which HII
regions may be optically thick, or may be caused by the
low sensitivity of our observations.
We did not detect any maser emission in 21 fields.
From their Parkes spectra, we find they tend to have sim-
pler and weaker profiles. We conclude that about half of
non-detections are the result of intrinsic variability.
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